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OPTICAL RECORDING/REPRODUCING APPARATUS FOR 
OPTICAL DISKS WITH VARIOUS DISK SUBSTRATE THICKNESS 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, DC 20231 

Sir: 

Prior to initial examination on the ni^r^^leasyamend the above-captioned application 
as follows: 
IN THE CLAIMS 

Please cancel claims 1-24, w^^tj)rejudice or disclaimer. 

Please add the following new claims 

- 86. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 
transparent substrate and an information layer, by converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 

at least one light emitpig means for emitting a light flux; 
a converging means having different numerical apertures for converging said light flux 
on said information layer of corresponding one of said N types of optical discs loaded in said 
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apparatus and performing aberration correction over respective transparent substrates of said N 
optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal, 

wherein said converging means converges said light flux as a smaller spot diameter D bv 
employing a larger one of said numerical apertures, with respect to one of said optical discs 
having a thinner one of said substrates. 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
about 1.2mm or less than 1.2mm, and 

wherein the thickness of the transparent substrate of the optical disc is discriminated by 
said electrical signal which is output bv said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

87. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having first 
layers of different thicknesses* each type of said optical discs having at least said first layer being 
transparent and a second layer for storing information, by converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 

at least one light emitting means for emitting a light flux: 
a converging means having different effective numerical apertures for converging said 
light flux on said second layer of corresponding one of said N types of optical discs loaded in 
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said apparatus and performing aberration correction over respective said first layer of said N 
optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal, 

wherein said converging means converges said light flux as a smaller spot diameter D bv 
employing a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thinner one of said first layers. 

wherein thicknesses of said first layers of said N types of optical discs are about 1.2mm 
or less than 1 .2mm, 

wherein the tliickness of said first layer the optical disc is discriminated bv said 
electrical signal which is output by said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

88. An optical recording/reproducing system comprising: 
(a) an optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 
transparent substrate and an information layer, bv converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 
at least one light emitting means for emitting a light flux: 
a converging means having different numerical apertures for converging said light flux 
on said information layer of a corresponding one of said N types of optical discs loaded in said 
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apparatus and performing aberration correction over respective transparent substrates of said N 
optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal. 

wherein said converging means converges said light flux as a smaller spot diameter D bv 
employing a larger one of said numerical apertures, with respect to one of said optical discs 
having a thinner one of said substrates. 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
about 1 ,2mm or less than 1.2mm. 

wherein the thickness of the transparent substrate of the optical disc is discriminated bv 
said electrical signal which is output by said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

(b) a system controlling means coupled to said converging means for moving said 
converging means relative to the optical discs loaded in said apparatus to traverse a recording 
track thereof: and 

(c) a signal processing means coupled to said photo detecting means for encoding or 
decoding said information signal. 

89. An optical recording/reproducing system comprising: 
(a) an optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having first 
layers of different thicknesses, each type of said optical discs having at least said first layer being 
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transparent and a second layer for storing information, bv converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 

at least one light emitting means for emitting a light flux: 
a converging means having different effective numerical apertures for converging said 
light flux on said second layer of corresponding one of said N types of optical discs loaded in 
said apparatus and performing aberration correction over respective said first layer of said N 
optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal. 

wherein said converging means converges said light flux as a smaller spot diameter D bv 
employing a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thinner one of said first layers, 

wherein thicknesses of said first layers of said N types of optical discs are about 1 .2mm 
or less than 1 .2mm. and 

wherein the thickness of said first layer the optical disc is discriminated bv said 
electrical signal which is output bv said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

(b) a system controlling means coupled to said converging means for moving said 
converging means relative to the optical discs loaded in said apparatus to traverse a recording 
track thereof: and 

(c) a signal processing means coupled to said photo detecting means for encoding or 
decoding said information signal. — 
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Early 




consideration of this application is respectfully requested. 



REMARKS 
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PRELIMINARY AMENDMENT 



Assistant Commissioner of Patents 
Washington, DC 20231 



Sir: 



After grant of a filing date, please 




the/above-captioned application as follows: 



IN THE SPECIFICATION 

Before the first line, insert --TrSslis a%mtinuation of reissue application Serial 

V \ 1 / 

No.08/396,981 filed March 1, 1995^icif is a reissue of U.S. Patent No. 5,235,581.-- 

IN THE CLAIMS 

Please cancel claims 25-83/ without prejudice or disclaimer. 
Please add the followingmew claims 84 and 85: 

/ 

84. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
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information signal onto/from any one of N types (where N >= 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 



transparent substrate and an information layer, bv converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 
at least one light emitting means for emitting a light flux: 

a converging means having different effective numerical apertures which number is equal 
to or less than N. for converging said light flux on said information layer of a corresponding one 
of said N types of optical discs loaded in said apparatus and performing aberration correction 
over respective transparent substrates of said N optical discs having different thicknesses: and. 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal. 

wherein said converging means converges said light flux as a smaller spot diameter D bv 
employing a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thinner one of said substrates. 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
substantially equal to or less than 1 ,2mm and said effective numerical apertures in said 
converging means are substantially equal to or larger than 0.45. 

wherein the thickness of the transparent substrate of the optical disc is discriminated bv 
said electrical signal which is output bv said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 

85. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having first 
layers of different thicknesses, each type of said optical discs having at least said first layer being 

2 



transparent and a second layer for storing information, by converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 
at least one light emitting means for emitting a light flux; 

a converging means having different numerical apertures which number is equal to or less 
than N. for converging said light flux on said second layer of corresponding one of said N types 
of optical discs loaded in said apparatus and performing aberration correction over respective 
second layer of said N optical discs having different thicknesses: and 

at least one photo detecting means for detecting reflected light from said optical disc 
loaded in said apparatus through said converging means and for outputting the detected reflected 
light as an electrical signal, 

wherein said converging means converges said light flux as a smaller spot diameter D by 
employing a larger one of said effective numerical apertures, with respect to one of said optical 
discs having a thinner one of said first layers, 

wherein thicknesses of said first layers of said N types of optical discs are substantially 
equal to or less than 1 .2mm and said effective numeral apertures in said converging means are 
substantially equal to or larger than 0.45, 

wherein the thickness of said first layer of the optical disc is discriminated by said 
electrical signal which is output by said at least one photo detecting means for detecting said 
reflected light from said optical disc through said converging means. 
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An optical disc apparatus for n^-„~r 
erasing an inforaadooTgnS v^ J ' rCpr0ducb S or 
onto a recording layer t hW h ^ 3 Ught flu * 

Tne apparatus LludJ n 8 ^P^t substrate. 
h^dsb^ving^pT^" 0 ^!.!: P of optical 

rations hav/r «S y 2^ Whosc abc - 

ofdiscsubstrat^Tdif^ien^!^ f ° r a P. 1 ^ 
enclosing the optical d i J- « ^ cicaess °: * cartridge for 

i. fonned on the c^rSj- * ^T^^c h ° ,e Which 

for £e^-US2iS tt ^Tln'^ 0 !; ^ d 
w.th the result of the discriminating ; to th-^ Vl™' 
of the loaded optical disc, the objec " let -I? v ? 

^^tT u b£~ 

held havtag obiSve £ ^ ° f M °P li ^ 

24 Claims, 18 Drawing Scetts 
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[ABSTRACT 

An optica] disc apparatus for recording, reproducing or 
erasmg an information signal by convene a Li SS« 
onto a recording layer through a transparent su^ rS," 
T^e apparatus includes one or a pJality of opUcai 

rations have respect.vely been corrected Tor a pluralUv 
of d.sc substrates ofdifferent thicknesses, a caAridgefor 
enclosing the optical disc, a discricinatioXe which 

Sr ■° f ^ hole S3 

tor generating a discnmuiation s gnal. In accordant 
w.,h the result of ,he discrimination as to theTctess 
of the loaded optical disc, the objective lens „ which 

ia C tThe Ur 7 nCC ° f lhe .'«*"«»n fa sma.lesUs u.«d 

' h£ '"formation signal ca „ preferably be recorded 
reproduced or erased onto/from the optical dfsc* hav' 
u,g different substrate thicknesses. Instead of Z optical" 
head having object.ve lenses, an optical head havine a 
waveguide and a plurality of converging gratfng co u 
ric^r "r rr r ioQS «^e respective." be"* cor -" 
rected for a plurality Q f disc substrates of different 
th,cknesses .s provided to achieve the same object ] 



ABSTRACT OF TUP ntc n ^ vrf 

r An optical rrr 0 rdinn/r..prn,i. , c j np ■,„„„„ „„ 

8i B nal otno/frmn nn omir.l disc ll;tvin ., ..rT^ — 
L mnspnren. suhstra.e ■•„„. „„ ; n r~ nmiti „ n lawr h Z 

iiimMgj]_ihe^ parent Mltwtri „. T - 

L or perform.nj ^be rrat.o,, corre, t ion ^SZI^ii[: 
transparent^^. 0lie „ f , h _ r ,^,^— f 

".ckness °, ""^ al «"« loaded in .l^ j^j 
1 ° cause lh« ^fo^ion „•„,., t „Trg^ ; 
r ecorded, reproduce,! or erased o nto/ft.,.,, ,h»"^ 3 

d.SCS hav,,,.. differ-,,, c.,K c ,.. ale thJcfc,,^,^ 



X 

BACKGROUND OF THE INVENTION 
I. Field of the Invention 

-is °nlo/fr™ b^a^ 

«ng density similar to thV, «r • ' ng * record - 

2. Description of the Prior An 

denotes a pi, Iay ~ ,•„,„,,- / r < c ° rdin 8 «»yer here 
which , defoSon a faC ° a " d isa Ia y"in 

optical disc itfs n'-esL ' ,o ' ? Cordin 8 d =^ity ofthe 
of the convened bV" £ t0 redu " a S P°< d ^='=r D 
among ,„ c W ^croTn^ 'f^'" 8 rcM ° n 
U«e .e„, a^a ^..ft «* 



dite a X e ^ b C ^l en ° ,e V hat ^ 
That is. by increa^n * Na h 8 u- ° f 3 Iax 8 e NA - 

cm be executed 8 " ° h ' 8h dcnsi, >' '«ording 

tio^o^ e^ l h^co o „vI^^ , d e r ncr r es • . « .be™. 

of the disc "lied ! ,1,M„? r ^ »° ."«=""«ion error 
aberration i„ c efses T^Tthf M? """^ 3 C ° ma 

Se-i-.s nVt ^ % s&'r's 

« ~, 1 • d . a . (A*)' (2> 

U 4 S^ a |e ^ ^ V S ^ of q Ni i0 ^ (2) u den0, " th3t in lh * of 

con^entiSt^t^^'fi,^ ^V"'. 1 ° f 

coma a fv.rr a f;„ • U a/1 5'c is idem cal, the 

^ ^ w/^i 1 ;^ undcrsi - d ^ 

. UDnrf< . v h »owcvcr ( (hat there is aji effect to 

subsfrate Scd c °"«P°"d,ng to the thin disc 
able that the conventional optical disc of°a Ssu b .' 
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eLnlenffc^l r =P rodu «d » that a great amount of 

Howl - C fcsourc « be utilized. 

for , COpt ' CaJ he3d Which h « bc=" designed 

for ■ thin substrate cannot be u«d for an optical disc of 

Lrein J ^ V? fW ° nS Wi » " OW * 
b^n H^T'T^ 0bjeC "' VC lenS for " °P ,ical ^SC b« 
wnT.h ^ 8ned " 10 ofT a s P herical Nation 
which occurs when the converged beam passes in the 
d.sc substrate. Since such an aberration is corvee "d in 
accordance w„h the thickness of the disc substrate the 

aZ'ZT C °£T° n " 0t accu "'='y Performed for 
the converged bean, which passes through the disc 
subs,r a! e having « di|r » « 

value. The above po int wUJ now ^ ^p,.;^^ 
reference to the drawing. FIGS. ISA and 18 B are sche 
ffl.t.c side el=v all0 naJ views for explaining a situat.W 

s JnTr"^ thC aberrati °" due <° ,b = disc suo- 
stratcs hav.ng different thicknesses. FIG. 18A is a dia 

been designed for a thii, disc substrate and shows traces 

through the disc substrate having the same thicknesf as 
the design value. In the diagram, a broken line indicated 

emi. ^r" ° ,f recordu1 8 and all of the lights 

emitted from the objective lens are converged to one 
po.nt 0 on the recording layer surface. FIG 188 
djagram in the case of using an objective lens which has 

fTg° iSTl ^ thi " dUc Substrate - tha, "r 

the bell h«t° WS tfaCCS 0f,iehtS " 3 Slatc in ^ich 
the beam has been converged through the disc substrate 
hav,„g a thickness which is thicker than the desi-n 
value. In FIG. 188. the light, emitted froVfc oS" 
vTrc-r,? heraJ .P°^°" ° f 'he objective lens are con- 
verged to a pome o' on the recording layer surface 
However, the light locating near the opfica/aL b con- 

.ohericaY t fr ° nt Side " SuCh 8 P h "°<"=non is called a 
sphencaJ aberration. Whenever th. „„„ - ah e rra ,,- nn . 

is used hereinafter, it means spherical aberration 

,. .. . When such an aberration occurs 

the objective lens cannot converge the light beam until 
what is called a diffraction limit. Therefore, in the case 
or using the objective lens whose aberration has been 
corrected for a thin disc substrate, an information signal 
cannot be recorded, reproduced, or erased onto/from 
an optical disc having a thick disc substrate. Similarly 
U1 the case of using the objective leas whose aberration 
has been corrected for a thick disc substrate, an infor- 
mation signal cannot be recorded, reproduced or 
erased onto/rrom an optical disc having a thin 'disc 
substrate. 

SUMMARY OF THE INVENTION 
In consideration of the above drawbacks, it is an 
Object of the invention to provide an optical disc appa. 
ratus which can record, reproduce, or erase information 
signals onto/rrom a plurality of optical discs in which 
thicknesses of disc substrates arc different. 

To accomplish the above object, according to the 
invention, there is provided an optical disc apparatus 
for recording, reproducing, or erasing information sig- 
nals onto/from an optical disc by converging light 
fluxes onto a recording layer through a transparent disc 
substrate, comprising: N converging means whose aber- 
rations have been corrected for N (Ng2) disc substrates 
havmg different thicknesses, respectively; disc discrimi- 
nattng means for discriminating the thickness of the disc 
substrate of the optical disc which has been loaded and 
for generating a discrimination signal according to the 
result of the discrimination; and control means for se- 
lecting one of the converging means in which the oc- 



wun tlie discrimination signal. 
BRIEF DESCRIPTION OF THE DRAWINGS 



,„„ „;„ ' S 3 «««™ctionaI diagram of an optical disc 
r e „ r | ion; aCC ° rd,n8 l ° ^° nd «bodtaL of £ 

fc, F J G -' * I s ' dcUi,cd constructional diagram of ootical 
heads in thc second embodiment; P 
FIG. 7 is a constructional diagram or an optical div 

FIGS 9A and 9B are a detailed constructional dia- 
gram of an optical head of an optical disc apparatus 
..ccordtng ,o lhc fourth n P, of th ^Er 

i. ? ° rOSS sectlona ' ™* showing optical 
discs whose substrate thicknesses are different and con 

hav 8 e ,n £=n U d * ^ T-*" 8 ™* C0U P'<" ^ 

nave been designed in correspondence to the ontienl 

noTitvi 0 , ,,,c nrth °«ict^; c y ' 

*-H-r. II IS a schematic perspective view showi™ . 
construction of an optical head of an opucal d « «L 
ratus tn the fifth embodiment; PP 

FIG. 12 is a schematic perspective view showine a 

ratus accord.ng to the suth embodiment of the inven- 

ve n U ,Ur° rd!nS ,0 SCVCmh -^"--« ofuTcT 

thfSiiVrf* blOClC diagram Sh0wi/,g 3 c °""niction of 

F°G 15 d ' a S M ap r: atUS the Scvenlh ^boditnent; 
an oSca? di, e i d ' aSram Sh ° Wi,,S 3 "Action of 
Kdtto? i?„ P v^S , n;' ee0rdin8 l ° Cigh,h 
shol^t " " Scl ' ematic «'»rg«« perspective view 

□«d "5 Iaw T 8c r c grating C0U P ,cr of a " opiicJ 

. ' ^ tr ^«l"cer. and a portion in which sur- 
SooSSlf W3VCS h3Ve ^ f °™ ed «" ">< ^Hth 
nnS? i 17 r* t chaxac,cristic diagram for explaining the 

K?Sd ,racldng conlro1 in the eighlh 

FIGS ISA and 18B are schematic side e'evational 
views showing si(ua|ions 

to due substrates having different thicknesses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 
Embodiments of the invention will be describ-d here- 
mbelow on the assumption that thicknesses of disc sub^ 
strates are set to two kinds or thicknesses 
anrLr , * '- 5 V=°" s(ructi °nal diagram or an optical disc 
apparatus m the first embodiment of the invention. FIG 
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spective views of cartridT~ „r ■ , Md 38 vc Per- 
bodiment. lodges of opucai discs in the em- 

-oi^S oVs^otfcai d^A" — «' 1 *- 
substrate, of bo?h of ,h c S , T of disc 

we different. Refere ^ sccond °PtfcaI discs 
which encto^^cSSTS ? 8 
cartridge 1 is made ° P , d,sc 1 M d protects. The 
"unicn53 dMo^fi f " t - ,CS ° f ' he ^ Referent 

structed by a con^r^J n , , ° Pt,CaJ heads « con- 

■ beam S p, itter; Md the ™^ "~ • P hoto detector; 
nents are not shown) F,?h J .1 ■ above «"npo- 
an information "ead detect 

Peking error siS wWcb^tei:^ ^ Md a 
optica) disc 1 on rtebasis of «n • . rccorded °° the 
distribution of the rcfiecTJ fliT^ ° f 811 ^^"V 

«ted onto the opdc5dS?«? ° f ' ^ "ac- 
tion signal to the 7 U £ S E'? a P h °'°d=t=c 
corded onto or erased frrnn^ "^J 1 "" 0 " "l"" 1 " re- 
ding an intensity of t h e?° r h L 0p,,t ^ dbc 1 "odu- 
heads have bases ,o hold ^ ^ ° f the "P"""! 

actuators. A ? ^ deVic « and 

error signal, and alraS^™" 0 " S , ,gnaJ ' a foc ^8 
erated from the pho o d^e-'oT oVt'f^r ^ "* 
3 are expressed by S, ! t T ^ ° pticaJ head 

signals which are gen; r at;rf?nI' , f h CSp r tiVe,y - Similar 
the second optical disc s teX Ph ° t0 deteCtor ° f 
•nd T,. respectively R.r expressed by S 2 . F 2 . 

fet linear S Such 4 d «°'« « 

disc 1 and mov« 7£ d Mow optical 
direction oC^g,^^^*** *e radial 
Reference numeral 6 d-notes * ~ th e d .sc surface, 
which is arranged below 5° " ?• S ?!.° nd moto '- 
the Hrst linear moto 4 £d 1 50 M to fa ~ 

bead 5 in a manned sLila^h r * e0 ° nd °P tic ^ 

As shown taFIG 2 Yh™ fi ?i.°P ,i «J head 3. 
extended until the f U nhl- ~ .^T , lu,ear m °tor 6 is 

npberal porton^^dlLl 'felT" "'J- 
the second optical head 5 m™ . ^Therefore, when 
theopdcalheadTis p" ,^ f ° l^.^'^ost side, 
.^e optical disc. R e ference n tune-al 7 I '° WCr SUrfaCC ° f 
ination hole formed on ^ num . eraJ 7 den °tes a discrim. 

The crtridgTL he ° f thC C " trid « e 2 " 

-ribed w.'.h rfLence to R^A ^ 
crunmation hole 7 is closed in th- ,- u B ' 71,6 dis ' 
disc 1 enclosed in the «^ T whcrc 'he optical 
shown in FIG 3A «h ? annd S. c B the first opdcaJ disc 

-ond op«S dtc^s o^ ^ ^^f" 6 b £ 

meraJ 23 denotes a ^ _ 3B * Re ^rence nu- 

apparatus of th embSiLent his'. ^ «? e ^ disc 
slide sburters are prevSrf Wf, ? pt,Cal hcads ' ^° 
removed from the oSl- thC """'dges are 

ters are closed to pro S d f f C . ap P ara 1 ' US - the sUd e shut- 
^ Reference nuSe^llenotes Htf" fr0m dUStS - 
(hereinafter, abbreviated to m LErvf h "?? UflS diode 
so as to be located over til 5 } WhiCh 15 ranged 
the cartridge! h« Z ^ t fT7 mn * t, ° n h ° le 7 w ^=n 
apparatus If em^im^t R T ^ 0ptJCaJ disc 
denotes a nhoto Reference numeral 9 

face rtc LED « IS* 31 8 P° sition so as to 

dicdeTgifratesa d f 8h "^'^ 2 " Ti« Pho o 

numeral 10 d eno s ^ fir! ""^ hcr f cu1,:ll er. Reference 

one of the fir S t «Sp of dL^ H f ° f ^ IeCtin 8 cither 
group of photo detection signals (S,. F,, 



o? d Ph T oiitss:' ( h s r d F 3 *■ -on „ group 

optical head 5 and for ( 1 a " d T ^> Of the second 
which receive, the raS Ck,ng Contro ' ctcuit 

«»ong the output S trThYr 8 ^ 7' or T ' fr °- 

generates a Peking actual • r ' t Se,ec,or 10 ««d 

'her. reference numeral 12 P 1 hcrei "later. Fur- 
'° *leci either an Tc^tjf J" 0 '" ,hc «°nd selector 
m actuator of the second i\ J ° P " CaJ hcad 3 or 

Plied. Reference nutneraJ iTrf ,ng Signa ' " *"P- 

«rc«l« which receivTSe fcS n " 3 
£ from among the signS, ' fror »«»" * or 

*= first selector ,0 and gcn„"t« l"l« ene "«e«« ^00, 
dnv,ng signaJ tQ , w ro 5.«»8 actuator 

P'amed hcreinlater. Furthl ' L ' Wh ' Ch wi " «* «- 
notes the third selector for ^.. ^ ^ num «al 14 de- 
of the fir,, optical 3° * \ "* C " hcr the act "*tor 
optical head 5 as £ tu V? r « ~ond 

-ctuator driving signafL^ ^ ^ "»« fusing 
15 denotes a linear motor eoniW,7 ■ Refcrcnce numeral 
» driving signal to T feJrfh ? ClrCUl1 Which su PP'i=3 
explained hereini ° er b^ J I6 ' Which * 

P«ed from the sy! e m ^ * co " ,re ' s >g™I which is su p - 
•cribed herein,a7 er ^ Referent n «* d = 

founh selector to selfcVefth/r .h " de " 0,es <"= 

the second linear motor 6 „ , ''"^ mot °<- * or 

d .riving signal suppE ^ °" t P u( d««in.« io „ of the 
«reuit 15. Reference numerTl 17 „ W m °' 0r COnt "l 
trol circuit which receive/ h 1 ? ""^l" * S P indl = eon- 
»ign«l S, or Sj and ' enJat. rCpr0duc "'on informa- 
JP-ndle motor 18. whfch wm £ " C ? n(r0 ' Curr ="< «o a 
Reference numeral « de 7o hercinJ a<=r. 
rotate the o ptica , di ^\ d ^"T„r SP, " d,e ° ,0,or «° 
a s-gnal processing ci?cuitfor « ,"" m - 19 deno, « 
™ch as demc^lulafion and/t de.^ g ^I!* prOCCSS « 
•"Put signal S,or S 2 , for conl^! g ° r the <° the 
or the like, or for out^t^S^ 0 " aUd ''° ^ 
recorded onto the optical* t , , f ° rrna "° n «gi»l to be 
cuit 20, which will be einl j i a " LD d riving ci r - 
. numeral 20 denotes «L LD dnv ' ,CrCin ' a ' Cr - * efc ™« 
driving ; current for ^ "U™' 1 '° SU PP'y a 

from the semiconductor kfe s of^fT* '° Cmitted 
h°ds to a fifth selec ° u Zh' ^, ° f the °P tical 
hereinlater. Reference num L 5^ ^ "Pained 
'ector to switch the ouiout d ° ( " thc r>tth «- 

dnving current to eithe 'one of ^'"r" ° f ,hc 
opfcal heads 3 and 5 £ a«ord! n [ St a " d 

naJ from the system «.h CC W1(h a »"»rol si B - 
PWned herel^ie^^ wOl be 2- 

«he driving current fo? I K T e 'he Sn« 2 S=nCra,CS 
light and receives the de S , P 8 '° etni ' th< = 

diode 9 and generate ^T„, , ,,gnaJ fr0ra the Photo 

aJ^O generates Con rol s.tma'u ,? ( V y r e,n con,r °''er 22 
"ol circuit 15 and he S ' mo,or c °n- 

FIG. l.«wiich,VierSiSt P . rOC « s ' n 8 circuit 19. In 

^ A" and those on Ihe Icclld^ ^ ^ de,i 8 M,ed 
"a^d by "B" in the diagra^"' bC3d S ' de d «ig- 
1 he first optica] disc is a rn ^ - 



shown in FIG 4B To r J W u bs,f " e ■»»»« d 2 « 
converged Sp otV U c ,o?,i , C ^ of the 

second optica! d ta ^Js d^n'T' ' hC ,h,CknCSS dlof the 
d ,. For eSLple. ^J?*?" *> « «• «* smaller than 

^rSr^.^?,^;* ■ —con- 

converged to a snol ' , c ,nXT bcam can be 

made so as to co^ecTfh ^ C ° bjeC,1Ve,Cnshasbe =n 
for instance the C S f COnd °P tic *J head 5 has, 

fir,. opWtad'SSi?? ,aSer " ° f 
*o that the l^r bZ^l J^ lw ° f M NA °f 0.8, 
diameter of lll^t? converged until a Spo 

•ion b y ih.dJS&K t-,™^.^ 

be described heSJSot """""^ * hove ^ D0W 

apparatus of the TmhL ded U "° thc °P«'«1 disc 

the cartridge 2 a * ^^d. When 

•he photo diode 9 dct c^h- „ ED 8 ' hc "S"' *" d 

transmission light wh rh P r «e«ce or absence of a 
•ion hole 7 Af ir^l d P " S ^? U8h 
FIGS. 3A and 3B ^ce^^ COn J" uncii °" *i«h 
open in the eve of ■ , d,scr ""^at,on hole 7 is 
diode 9 detee^the ' n ; .° ,,d T'"' dlSC ' ,h = Ph°<° 
detection .^S^th^Xr i , f l, k" nd •^f^ > 
determines that the disc in h i I \ " Mnlrolltr " 
second optical di4 „ ,h, fh """'^ 2 " the 

control signals to £ ffrsUo fifth T™"" 22 SUp P M « 
"d 21 so « lo select, LI S^^n" I0> 14 ' 16 - 
optical head side Tnus fhel *V °" th = SC= ° nd 
-cond optical head 5 ^ e'^aT a"" 0 ' ° f the 

lion of the driving current wu^, " out P ut d «tina- 
LDdriv-ing circa f 20 U ^f nt ^ ch » su PP«ed from thc 

optical head 7 1 ; se£tS « ° f the ^"d 

tracking comro ? ""P 1 " d =«'natioa of the 

•Pindfe control cS i an ^ g , COntr °' 13 - 
19. The actuator of the m ,P roc «^8 circuit 

« an output destination of .I 5 is se,ec ««d 

Of the tr a c ki n g com role ire ui * /l aii d°foc " ^ ' " ^ 
circuit 13. The stennM , U,t 11 and focusing control 

output dest^ioTo? «| =Tri r m °' 0r 6 " le ' eCled M a " 
motor control circ^ « d " VmS CUrrMt 0f thc 

S 2 . focusing error^jtcnaf F ^ 'nfonnation signal 
foou,!., i„,„, V c ' ui ™ 5 !»"■■ F, » ..pplta, ,„ 

aJso produces thc focusing actuator driving 



signaJ in accordance with the signal F , a 

me current fn rk* r generates tne dnv- 

movujg the second optical head SinT • Cby 
rim direction of the optSl «£c f ^ TSf ° r ° U,Cr 
circuit 17 eitraca a e j£-t Thc spu,dlc cont roI 

exe-ui« ' S,gnal P ro «»«ng circuit 19 

^^K^ 5 ? SUCh " "^S- modulation 

cording -odeTd ge P 3 P If ^th^Vn d'^" 

tridg- J L ;- deterTn "l« t"at the disc in the carl 
fifth selectors fo U ! M ,« ™ d T S l ° ^ ^ l ° 

head 3 is L£" e - « " " ' aCt "f ° f ° f the f ™ °PticaI 

tor driver ign Js of t^/ t PU J dCSt,nali0 " ° f the actua - 

focusing S S 2, r 3 ' Th/firS 1 ? CirCUit " '" d 
s-u rt .j „ uwuu ij. i ne tirst linear motor 4 i« 

lights frotn «£S « de^ StX' 

information sienai S. £ • generated as thc 

tracking error Sal T, E k5 SignaJ F '' ">« 

through 5 the fU f^J O r? 10 a ^t V h " BMb SUppUed 
That is. the siirni lYu . , r «P«fve circuits 

circuit 17 Md^iif, 1 S SUPPl ' ed ,0 the s P indIe ^trol 
"ii i/ ana signal processing circuit 19 Thr 

those fa ie^L 0 f b ^ qUent T™*! 0 ™ ^ S,miJar <° 
above thC SCC0 " d 0 P ticaJ di « mentioned 

optfei^sat^^^r it r the 

ioade^the con^i,?^ ^ 1™ """'^ disc " 

motor 6 therebv ™ • t controls th « *cond linear 
«■ thereby mov lng thc ^ ond opticaJ head g ^ 



the second £ S h Sd con^' ^ ° b J«»- ««» of 

1 I'desc ^ 11,6 ^ dISC 

by piotSSe feT^*!*? 1 ?"* t0 embodiment, 
head 5 h,v4 «„v= °S h ^ d , 3 and optica] 
*g to the «K«^ S 0 f? h ° P J^ S> : Steins «"«Pond- 

recorded, reproduced ^or e r JKv^ P. rer =™°ly 
suitable for the thickn«« J u tJlC 0 P UcaJ head 
over, byprovicC t h e ^^= h d,iC L sub "rate. More- 
the cartridge 2 M d 1. 6^^° h °' C 7 forn >=d °" 
prising the LED 8 to detect ,^ Cnmm ^ tm Z com- 
discrimination bole ? IdTh ^^^osnre of the 
loading the canridge 2 elS 0 P f Q th 0, ° I' ""^ bv 

automatically accurately ^,5^ ° pt,CaI hcads «* be 

2p«^^ of u opticaJ 

the inv raQon . In ^ ^ '^\ S f^ d "««»oduneni of 
differs from the foregofffe L^. eiobod l»«" 
spect to a point that a'hSo optica^ W " h «' 

in place of the finer *„a . / caJ n " d 30 is arranged 
« point tha the^V^ ° pticaJ heads 3 and 5 Ld 
M and 16 Je oSd •Sf a d ' and /° Unh 12. 
driving current Sis^e r .' S, ^% traCking aCtUat ° r 
control circuit 11 and t£ r fr0m the trackin g 

current which i, g e ™ r .2£ fr^Th* r"^ drivi "8 
circuit 13 are dire-Iy su^lw , ?° f 00 ^ control 
30. The driving TmeKS 0 . = ° P,, ' CaJ hcad 
linear motor contro7c" cu ir^ L g:, ? c '' ated ^ the 
first linear motor 4. dlfeCtJy su PP l5ed «> the 

gr^^dopSVead^^ 
ment of the Invention In^h = Second eml >odi- 

meral I denotes Che first nrw "j' 81 ^' nu- 
scmiconductoTlwer « 1 B JT"" 1 ° Pt,Cai disC; 32 a r ™ 
i"g lens for con£rd£ a fc^""** 33 * ^ CoUinjat - 
conduccor laser sTim. ^ fr0tn the flrst «=«ni- 

splitter :o dMde ^bt ^ 34 fot ^ 

nurror to change S c d^ti*' 0 ^° ^ 35 a f ™ 
Objective lens to <Snver« h" £ ^ 35 3 f ™ 

disc l; 37 a first dete^S beMn 0nt0 thc °PticaJ 

™d M a firs, photo detl^ ^ ^ beM hitler 34; 
reproduction sfgS a foS- !nio ™»»n 
ing error signaj from ^ g ^ S,^TlaJ • wd a 'rack- 
The above SpcSu 32 "'^ """^ lishtS - 

verging optical system 3, * 1 flrs < 

*^ r SScKSSS ote « a 'r ho,der to h °« d 

which wiU be e* P Sf^h?, 3 ob j ec,ive 1«» 

*0 denotes „ >«"«Ja«er. Reference numera 

The driving cu^Sfi . mpP ?- R ' hc ,CaS ho,der 39. 
control cTcuit n^df^! SUPP ' ,Cd frOD th= trac ^g 
actuator 40 1 Md f0cusm « «ntro! circuit 13 to thf 

toM^TaTghtSurc, 'T" ASCCOOd ~*<- d «c- 
to convert a laser fr'^ 5eCOnd J ^^-iog lens 
laser 42 into a plrXTi ^^conducor 
to divide the b^tt b ^ : b ^ s S ^ 0nd ^ s P"»er 
to change the direction of ^hTb^-"^ ^ 
objective lens to converse thi ^ ^"d 

disc 1; 47 a second h , 8 ^ f bcam 0n!o th = optical 
fleeted Iigh«s ^? ch d h e a ' eCt ^ S '" S W C0QV "S= the re- 



converging optical svsrrm di 3I ' ,ne second 

mounted on! sSi ££1 ™ ^ ,he actuat °' « are 

. ordin^y made of aIumin Um or theEc a ^ """^ " 
to the first linear motor 4 " ° f the ^ and « "tached 

casc r hich has «*" *- 

instance, the ftrsfob ec^T"'^^ ^"O"' 
NA=0.45 and the ab^ a rin„T ¥ u J . dcs, S ned » that 
thickness d, is correct ™ * J d,SC SUbstrate ° f a 
deseed so' K^2^^ 0 °?S^'« 
nonby the disc substrate t^ ^ t^S" 

be described heSiol.^Tr ^ 
opticaJ disc will fc* rxT,i,;„„T™-r of the ^ond 

loaded in* S optical dIL ^ 2 « 

ment the LFD « ? *: .apparatus of the embodi- 

the third 0 P ,,caTS X S"* S> ' St=m 41 of 

fens « lhroU!h ,L ^ ii V „% .^t^"^ 

second mirror 45 Th* v 3 F""c* and the 

Jignt, the system controller 22 decides that t\**Z • 

u,« n™ .n„ n,u Ml «„ rs £ 7 X 



Until the cartride! 2 fa ™J ^ T V meat ' on «* »bov e . 
duction, or erasure S£' '^'f^* repr °' 

ttc same base and construct the third optica] head 30 
the linear motor car. be commonly used Is Tsil .riTn^ 
and the number of pans can be re^S * ' Pa " 

1-1G. 7 shows a constructional diagram of an ootical 

from the second embodiment with r«r^77* • 
that a fourth optica] h«H «n7. res Pf^ to a point 

S3 a 17 a^d 7™r° l C ^ Uit ^ -on- 
driving curreJ; ^Sf.^S^Ltfnf- ^ 
circuit 20 is direct* supS^Sl^ 

first semiconductor laser as a light source- m ,h r 
coll mating lens to convert the £ r ^from £" ? nt 
--^nducto laser 32 into the^axS * ^ 

th^!' 4? ^ l " t nurror to chan S= ^ direction of 
the beam The first objective lens 36 and thTSond 

second embodiment of the invention. The first obie-W 

rat on of the second objective lens 46 has been cor- 
hTtf E C f. rTCS P onde -''c t to the second optica] SSc 
havmg the disc substrate of the thickness d, R.fe r( .„ '! 
numeral 51 denotes a first shutter J^Jb^^t 
firs objective lens 36 and the first mirrf r 35 2e 

fen. M Ref " H PWSCS thr ° USh tbc r ™ ° b ^= 
11 u- Refcr " c = num "^ 52 denotes a second shutter 
wfoc , B arranged between the second objecti ve e n 

whir?" ^ SP ' it,cr 34 • nd 00 th = optical path 
firs and second shutters 51 and 52 open or close the 
trailers 22. respectively. Reference numeral 37 denotes 

JXicTh de, t^« . ,e !» lo *e reflected 

which have been divided by the beam splitter 34 Refe- 

obtain the mfennation reproduction signal, focusing 

™JS^i$E*" crTor signaJ from the con 

oh^° nS , thC ^ re80i " g com P°°"t elements, the first 
0bject,ve lens 36 constructs the first converging optical 



system mentioned in the second u ... 
invention together with ,h? n ^^'oient of the 
32. the firs, coilin.atC,^^ "^conductor laser 
«d the firs, mirror 3 V S ^ 'P 1 '"" H 

constructs the second convLr^f "Relive leus 46 
gether with the firs , *?" 8 °P"«i system to- 

co'Iin.ating ^ J ^or laser 32. the first 
first mirror 35 which Ll , SpUlt " M ' the 

«nvergi„ g opticaJ c ^onJy used for the first 

system is mounted 0 „to a 2° Jf" « nv "«^8 optica] 
together with the firsTand^? (n0t sfa own) 

•hereby cotu,r U cting^he f our^ 0nd $h , U ^ 5 «" « 
the leas holder 39 " ° Pt,Cai hcad M - S «« 

construction as those^n j! fu ^' 0 ' 40 hav = the samt 
second ^c<^iment their dc ^i° PtiC ^ head 30 - the 
The fourth opticaJ bl»tX 0mittcd hcre - 
motor 4. d 50 ° attached to the first linear 

^^tara?!^ 0 ^^ disc "PParatus in the 
described hereinb^ ow ^ e e ^ ri S! 7 CUOn °ow be 
tected in a manner iJ^ii, . ^ ° f 0pticaJ is de- • 
t«n controlfe^ LtermTnl 0 ,^ ^ ' 
bridge 2 is the Sn7o p " 2i at d2c C If " ,08ded 
generates control signaJs to thTr. ' 1 C contr °»er 22 
51 and £2 of the f« ■ , 31,11 $ccond shutters 

«ro. signals^' S £ ^ C °" : 

the second shutter 52 is OD £ Jn ? * er "Closed and 
^ser beam emitted frot^ the^, abOVe State - 

.is convened into the^ a f Ic S Se ? JC0 " ductor laser 32 
"g lens 33 and is divided "t^ b/ the flrst c °«iroat- 
the reflected light b^the fir f^^f' 0 " ''^t and 
transmission light is shut out Z 5^ r 'P 1 '"" M ' ^ 
the first mirror 35 ° Y h * fu3t shmter 5 * via 
light passes through [ ""V" refl « ted 

verged onto" the opcicS discTJvS"" " and ' S ^ 
Iens 4tf. Tne light reflected bv rh* • Se . COnd ob Je=tive . 
convened into th- -Si!? . • u ° Pt,CaJ disc 1 « "gain 
l=ns 46 and passt tC£ T^" ^ ve 

reflected and separated bv , hi rfT>l ShU " Cr 52 Md is 
is converged onfo th- fir? u beam S P ,itter 34 and 
detecting le M 37 Tne £ 5 ? a °? ^ ^ 38 bv th = *™ ■ 
the focusing error s£i nd tr e t =CI ° r 38 « enw *« 
*= converged reflect ,i gh 1 ofSS ^ ^ from 
the information signal on he d^V'^' 1 re P rod "ces 
-re executed untU the caArid^, " ^ ^"^"S 

Since the ODeratinn. V? f 2 U unJ °aded. 
ing controfclrcu-r, , r°:. thC flrSt ^ motor 4. 

track- 

n»otor control circuit 15 "Id?'™' Ci^C 1 Ui, "'^ar 
spmdle motor 18 sienal nr'J P " ntro ' ckc ™ 17, 
»g circuit 20, and P ^ C ! SU !, g Clrcuit 19 - LD driv- 
those in the opSi d£= ° ef " lhe ^ « 

e-bodiment. Ael d^ri D P l P ':" ,U ° f *. e fe "8oi-g first 

On the other hand ^fT ' 0tn,tted bcre " 
«ines that the d^ m ' hXlZT C ° ntr ° Uer 22 d ««- 
optical disc, the r« " hut J r ?? • <anndgs 2 is ,he ^t 
Gutter 52 is closel I £ . J," 0PMed . 111(1 thc »«««•<« 
sion light and the7efl=-Sd ?• fc l* 316 ' m thc 'ransmis- 
ter34, the reflect^ i ^ ' ght by tJle first beam split- 
toaM^tet^f™™ b >- tn = -cond shut- 
first shutter 5i y and s coT^T^ 1 P f * through th = 
^ the first objective | cas Z?%,° nt ° the °P ticaJ 1 
"ccuted in a manner S,at' t ^h 0, "- Cr V*™*™ are 
second optical disc ° tilOSC 1,1 the «se of the 



and photo detector in each „f ,u 

system can be eoounonK 4d al d I?™*"! 0pt, ' Ca, 
of the optica] head can bIS c ?^ C ' T 

CASS^ r dCUi,Cd —actional 

since the opricj l7i£ £ h = uivcnl »'"- *> FIG. 9A, 
first coltimating | e „ 33 Z aUCOD ? UCtor 32, 

objective lens *V first d '^ ^ SpL " Cr M ' 
detector ^ ^ r fc^ S ^ ^ fat P h °<° 
J the foc^iog^^^"^* those 
hons are omitted he rf - u/r * descnp- 

len. holder to told^e^^^T'l * dCa °'« a 
actuator «o which the ,=^h d M J « a - ,CM **• 57 « 
wave froot co^LdnY I hold "* " attached; 54 a 
which ^be e «S, n SaS - a ; Uched 10 « stid =r 55, 
"is is in paxaJlef wftf tnTn *? 12131 the °P»'«J 

objective lens £ aTd 55 tL frn T u° f ttlC ^"d 
wave frODt co^l"„ , s h «^ r f r b,ch "S" 0 ™ tD = 
transverse in the olanV whft^ arranged so as to 
light flu, b«w«„ P £c ^ J e l Pe T ndiCU ' ar '° 1,36 
~°nd objective leS^JS? enX^ 11,6 

(show„ b ; p^CVT S^g^V po ? ,on 

correcting lens 54 is rv-wvLr ^ • ave rront 

"ux or a poshion (sh^ b'/p'r^w 0111 ° f the U * ht 
the optical axis of the X- « C d' 3 ^) where 

cal a* s of the Lion* ofc Sv!£S? ^'1^ 0 P* 
tioned component ele»S ^S^^"-"- 

lens 2 and St.^S^ ^ T ^ CO ™* 
of the optica] ^ , ' ^ fr0ni thc direction 

- «h= d P irSo^\t^ d ^ow S C,e A S54iSm0 r ab ' e 
correcting lens 54 h« kL ^ • : wave fr °nt 

that a ^V^Ef^JZ'SSX 3 Ti" SUCh 
tive lens 46 is identical to Vh r sec0Bd ob J ec - 

»«». That is. Se £?£ ^ £"^8 objective 
correct the aben-at io^hv ,^^ 5n d «'gn=i so as to 
optica] disc fa ,Z rr u ^ d,SC subst "te of the first 
objectiveTeJ ^4? Jl It T™t M ' ^ 

opde^ system ^T^cZT" Z?™*" 
the invention together wTth ^f fi =mb ? dlm = n t of 
laser 32, first collLatL fc* a?"?' ^"doctor 
34 and can be aJso7«7^ u T d rirSt bcain s P"»=r 
first converlinTonri^ SUCh ^ ,hcy ««tn.ct the 

front corr«t^^e«« to "V^* * C Wavc 

cal system. to 1116 converging 0 pti- 

that of the SttaJ o^T"' " SUbs ^ tiaJ,y thc ^= « 
ment shown ^^0 ^'^ °/ ' h = ^ cfflbodi - 
is omined here mcnt '°n«i above, itt description 

fo^h SStaenYSS, 0 ^* SPParatUS » «*« 
now be described hlr^^L 6 ab ? VC ""'^crion will 
fifth op.STj^ rCS , PCCt '° 'he 

I- a manner ^ «o^h e ^ f di * " dc,Ktcd 

I« 22 detenaine^ th«7,i? ^ ■ S c sys(cm control- 
is the second " C J'* m thc '° aded ^^8= 3 
control signaJ^ the S^/S ^ " Ien ! ra,e » 3 
" supplied, the slider 55 mo JesThe w ^ fron^ ^ 
«=ns 54 to the position P, "Se ' TCC! - 
fron, the first ^ducuJ'iJJ^co^'K 



vcn^into SrSi^ffS" H d,SC 1 

lew 46. The otnUlel I 8 Y the Second objective 

«or 38 by the B«.TJS,^3 e 7 ,i S P ¥ WO * !lec - 
detcctor3«B Cnerat _ ar , hi ~f ! cns " Thc first photo 

• «r similar to thc ^Sv?^ a^" 0 " ""^ to B »»- 

disc thc ,Uder 55 molt. Ih?£ 3 r " ' hc ^u * s, 
* to the P-ition ' h 7l^ 'I"' »«» 

the first ^miconducwMkSr T ,t,Cdfr ° m 
wave front correcting i en 7^. I pa5SCS ,hrou 8h the 

« Mdis converged orfi? 
the optical disc 1 wilw TlZ mfonna »on track on 
lions S irruj ar X " a ^anon. Thus, the oper- 
d« are «ecu£d ° f thc optical 

3jnce the wave r^™^^**?*™. 

monJy used and I ob J ec lve lew «n be com- 

driving force of the actiatr^ I^V bUrde " t0 th = 
electric powe- consumn,* ^ and a I°w 

Theo^caJ hLd SO^n h"r =:m ^ aCCOffi P ,is h=d. 
*cond objective^ U ' has the 

disc having the disl 5U t^ t ?°^ m , g to the °P tic *' 
further, corrects .h^,^ 6 ° f the thi «*n« d 2 and, 

- g ihc'dS rx™ o7sruii«i ,he disc hav: 

front correcting lei J «/hVw v^' 7 1,16 ™ Vc 
struction can be aJso ,, w h ever - opposite con- 
aJso derived by a wns^', thc abovc cfI "«:t is 

tive lens M corresnonH; u SUC Ule fir " objec- 

subs.rate ofSS^d' 0 *' T"' d ' SC ° f the di ~ 
ond objective I e £«aTd aw ' D P ' a=C ° f th = 
-hich has b.en ^fn^ so aTtoc M " Kli "8 lc « 
due to the disc substfate rfZ the abe ™io n 

Although th TlSl\ tt l^ST d2is P^vided. 
described with respeL, to ^L- K U ° CnU haVe 

kinds of thicknelSnrAL L- CaSe Wherc ther = we two 

thicknesses of the subTratL In" °* ° f 
number of optical element u SUCh a case - the 

forming „ t^T^^*^™*™*. by 
c*n be discriminate ^ds of opt.cal discs 

on^fcinridt°?Ve i^ c r n rr ho,c 7 fo ™< d 

have been used as dS 5£ • • ,he ph ° t0 diode 5 
different reH« JcS^l™/"'"* »«"». Pa^ts of 
face of the csrtrwf ^ . C ° ated Onto the *«r- 
hole or a tr h S wi -/ o a « of 'he discrimination 

fleeted l«er be^ r?„ d f,, y w d,SCnm,na,ed bv a «- 



optica] system corresponding to »h- j- 
a tracking error simaJ l * thln d,SC substra t=. 

from an optica] dK aTfcck J? ^jf 0 ^ 
spherical aberration^ of thl ™ ^ ? UbS ' rate due to 3 
quently. two optS dl^l beun - C 0 "*- 

scnce of the tracking error iS?| g i "L^"" ° f ab ' 
is an exceUent ctTcc'^X^'J^ ^ "- ^ ' h " e 
b^use there is no need to^ P . 1 "-" " SUD P |ified 
as LED and photo £ »— «* 

tionaJ opffi^S,^^ by « eoov«„. 

quanz glasTor tn e „ K IenS made ° f a 

caJ disl app^ra^r of^ m b£ ^ " " Ch of <*""- 
cxpiained hereuSr . JiS5°SnTS W £* ^ * 
head and is construct Thy 7oSZr ^ ° pdcaJ 
onto a thin film waveguide * ° PdCaJ Sys,C£a 

»2 of he in P ve^i o rs aPParatUS " ,hC ™ h <^ 
FIG. 10 is suS t a« y «hTs^eTL nj r i< r n K Sh0Wn fa 

detail hereinbelow. ^ "° W d=scrib ^ in 

opJrj^"- th/r esses, V" 1 ^ thc same 

ments. Reference n^^ett^T^ 5aib0di - 
track formed on the optically I r!t mfonnat '°" 
« denotes a substrate foTOed^v LJNboTor th"™!^ 3 ' 

strate 51 hv t; /«■ wav eguide formed on tne sub- 

the waveauide Hd£ , 8 ■ ™ C COUpler 65 emj « 

„ . - between thc fust wavesru dc lens 

ratine w ' ^"^S f»«inK coupler « and 



vlr^fhT, , y C SC=0nd bcam s P ,itter " and con- 
74 dlnn, w»veguide light. Inference numeral 

74 denotes a second photo detector which is couoled to 
*e Slde surface of the optica] waveguide 62 a^d Sets 

waveguide converguig lens 73. 

^uJ^A ^ Srati " S 0f ,he «"« converging gratine 
*7» in a manner S 0 

d=i^ • converging grating coupler 71 has be-n 
. 3 maMer such th ". for example. NA -08 

Mt^h^l imd - SCCOnd beara S P""«» 66 and 72 are 
d e «>- V" T''"' wavc S ui d= and a waveguide tvee 
tion, both of the above well-known optical wavesuid,. 

iSSX CM * u - » * 3S 

men^w^th^H? f ^ ° PdCaJ h " d b fif '° =»bodi- 
ESX! low 3bOVe C ° nS,rucU - will now be described 

If the optica] disc 1 is the first optical disc the driving 

stance of T' 5 4 ,3SCr beM fr °« one edge 

sunace of the optical waveguide 62 The las^r H-.t, 
propagates as a waveg^de ijht. The waVegS b S 
gjvened ,nto the paraJlel tight by the fjltl^t 
ter 6?J?\ PaXaJ,el l,8bt trammits ,h = first beam sp it! 
£ ctu f 1 « ,C 5! e,U,y CntCrS the flrst convert gra t- 
om U -- V" ""P'" 65 « tr *<=" ^e Parcel fight 

So£ *n P tr" L^T„1„ ? d ™ 
rene d , ig h,t, ^ e^ ££25 * 
opt.cal waveguide 62 through the first cfnvcS S rat 

D«fhHn P h ■ nd .P ro P»8«« « a return w^gu de 
light ,n the oppos.ee direction. Further, the return 



S3S£ Sf^ESss d ™ f ,he r ™ 

66. The lens 67 co™*2? rirSt ^ S P«»« 

onto the first phot0 d * return wav Cguide , ight 

tor 68 detects the mfar™, •' photo dc,ec - 

nals such as S^uLg err^r s ilT thc ^ si *- 

■nd the like which hJZZ ^ ' ,racIcu, 8 e "°r signal, 
cal disc 1 on the bas" o^" 'T °" ,he W 1 ' 
distribution of ther^L "" enS ' ty ^ M density 
to the ouuidl By SaST ^ Md gCnerat " 
is applied to the SsYsen^ ^ n T g CUrTcnt whi ^ 
Optic* head 60 eS« ^ UCt ° r ,aSCr 
beam, the^by recall lDtenS ' ,y nJoduJa '«l laser 

ond semiconductor laser 69 <JZl5 - thc scz ' 

s«cond convert , d wavc S"'d= lens 70, 

splitter 7? S wfv ^"P'" 71, second beam 

of the substrate 6l^Ltr - ng " tu * tar ' 77,6 P 05 *™ 
«rvo signal by f ? r <*°"S 

ated^nto the S ™ d| - 

pier 65 whichTs fo™ H "* u Conve -'^8 «"tiag cou- 
^cowSi.S ? °" thc °P««' waveguide 62 

spot can be c^«t£ L i ab T at,0n of ^verged 
Of the disc SUoT^a f JT d ^° rdanC T Wi,h 
recorded, reproduce, or erased"^ * Pref " ab,y 
optical waveauide dlvi- fe ** oreove r. since the 

ing couple* T£d ^ the $ u e -d ^ ^T^* grat " 
head ca!. be redded = ' ght ° f thc °P ticaJ 

set^t disc substrate has been 
nesses accordance wuh the number of thick- 

^oM^K^f "'i ; i,hcroBc of the 

duced or record^ tJ* ^ ^ s,c,uJ ^eousl y re pro- 

u'on. h embodiment of the inven- 

■X »d a -veV^Tmirror-r^d 3 ^^^' "<I 
components as those shown fa no. llTTdSSJS 



80 is constructs * * VM,h ° p, «'^ 

'he second ^e^£^%--™«- f l-« of 

waveguide lens 70 in *u • •! nd the ^cood 

fig. s n. t v e cn tL 2^ x?!,? head 60 shown b 

optical path beiwe-nTh^. Ranged on the 

b<^ spatter STnTh e wo gU - dC ,eM 64 Md 
the third bJ!'^T^ Ve ^ e ^^^by 

the dtecuon oW™ r Wave 2 wd = divided in 

^ splitter 5^ d e 2 m ,be direCtion of «he first 

The driving current ;« ? r dcScnbcd ^cmbelow. 

one edge surface J V . 63 , e ™'« » l«er beam from 

~gc sunace of the optical wavezuide gt tt,. i 
beam propagates as a waveguide li*T "V"" 

mirror 82 .S^ ,8 t ? e ,S / efl « t « i b - v «»»* -avegu'ide 

abo A vTr a d g di t To„ ,h to Se^^r' ^ 
embodiment-, by dilidb* " * e / 0 »S°ing fifth 

from one semiconduf U • ^ ve ^ de Kght emitted 
third beam sXer 8 , ^"IT 0 tWO K 8 h « «>y 

invention can be aho £ S ^ °' thjcfc "^«. the 
thicknesses of ^e rfL PP K Cd ,0 thr " 0r more ^ d * of 

the -u»S o1i s d o7thi=t«S o N f th'' r UmlnS that 
is equal to N it i, <„rrV • ' CKncSies of th = disc substrates 

coupler, „d ( n n^" * U !f N conv ^S grating 
waveg U i d ri?gh, em L^" 1 'I'"'" f ° r dividin S 
To e^ualbe !5 of IS *™«n<S«ctor laser. 
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FIG. 13 i s a schematic perspe^'ive viVu/ ■ 
construction of an orjtical hrZ^r lC V howu, S a 
ra«u according To the" v ^P'"* di$C ap P a * 

vention. FIG 14 ? fl M^t J einbodlinef " of the in- 
Hon of the o P ^ «^wi„ g a const.c 



track^t^Trc^ di5C «• -Nation 

conductor laser 63 and fir« w ™«8«'Me 62. first semi. 

. seventh optiS S 80 s i^° m ^ Cm e,cfflents «» 
denotes an SAW Kcfcrcnc« numeral 91 

acoustic wave gS.er.ted "aW^L^^ 

crosses the optica] oath of th . ^a^sduccr 

^ the ^wa^u^ 

r Pi e Z rr-=t^^ 

by the saw ln SS« S « S TS C wavc gcacrated 

ing coupJer fonned "„ ffae ^ nv "^g grat- 

guide light wbich?« ^Sr^Lf ^ ^ WaVC ' 
acoustic wave 92 and n^,nl ^ y SUch a suria « 

«nd S7 a fourth co^ve^^ 8 65 m ^ fuSt d ^ion; 
likewise f onae d " "he ^tfrif" 0 ^ ^P 1 " WhJch « 
light propaga^g £ °- f Wavc ^ e 

coupiers 96and 97^^, ^"r"^^ ° f 
out of the opticaJ waveguide 62 ^ ^ '° 8 region 
optical disc i. Refe^S « °"'° the 
beam splitter which is arrant fl!.. L ° t<S 3 fourth 

g«ide lens 64 anc ! the^ 8 ed . betWesn ,h = first wav e - 
acousric w,ve« f ^d ^ ° f - the SUrfacs 

turned into the optima] w.v 'he waveguide light re- 
or fourth converSe CT t a r SU ' de , W thr ° Ugh the ,h * d 
bad been refleS bf C °" P " 96 Md 97 it 
numeral 94 de^S.Thii 6 J*"^ L R = f ««« 
which is arra^g^ on theonr ^^ de ^""guig Jens 
reflected by ^^^^^^ 8ht 
the return light and 95 indicate Th- a ^ ^verges 
which is coupled to the SE! " photo d =t=ctor 

guide 62 and P d^j^e re^S,? W *"' 
*M -aveguide converging ^ns^ * ' he 

or the like and f of th* I Due 8 ratcd Circuit" 
guide and wave-uid? ^1 W f"-. icnown °P"'«1 wave- 
above liter«»;:;trr- ^ . dev '« d «cribed in the 
-t>.- . ca f ^ ,so ob^ouslv used 

bcSe^i b 0 ^^''"' h " d * 'he seventh em - • 
scribed herembelow c °™™ °" will now be de- 

frol n :„ r redg^xto c fth= ,a f: em ' ts a ,a ~ 

laser beam propagate L 1 ' 6Z 
guide light is «n! • Wave 3 ujdc Ugh'- The wave- 

surface acoustic waV e 92 J "gj" transversa the 

transducer 91. At ^us Le ^ th ^ ^ the SAW 
the parailel waveguide^h « P ™ pa S atU3 8 direction of 
optical uiteraction lS,h fh =^2^ fa y an acoustic 
Stac. a ^ -«.«.& wave 92. 

dance with a freauenev «r L ^ changes m accor- 
the wivemM y ^ UlC 5Urf8Ci rustic wave 9"> 

couplers 96 -dV^^^^^Snr 

the fr= q ue n c J o?th e h^h 'f C " " that 
ages axe J.^f n, 8 h - fre< ? u "cy frequency volt- 



Pier X.'tu^JZZJ^™?*'* «- 
tracts the wa ^uV^.f atUIS """P 1 " W «■ 

optical w a P vcSJ e 62 ^' 2 8ht t0 8 rCgiOD out ° f *e 
tion track iOO on the S ° nt ° infonna - 

Hght from the d£ . • L 11,8 reflected 

waveguide 62 tr^ 0 ughTe^hirdT ( en,erS °P"' caJ 
Pfopagates as a retll £ ffSf'" 96 Md 

direction. The proer«<in« • 8 i thc °PPOS»e 

light is chang =d by t^Turfa^T °" ° f ,bC wav =S^c 
•fter that, the wavLuM. r t ,C0 „ USnc Wave 92 ««. 
tion of the u^wa^Sd/S," " the di "= : 

fourth bean, spS.te- £^Th e ^m"^ 3 94 b * the 
»g lens 94 converges the^e^r ? ave * uide «>overg- 
detector 95. The fhto T nho^ 8 ' t0 ' hc tWrd P h °<° 
information signal andlhS " detccts 

error signa] X^l ^ ''P*' 5 SUCh 85 foc "^g 
have been re SS 8 « r 8 "^ and 0,6 which 
basis of an ^ ° P ' iCai dlSC 1 °° 

"turn lighted ^"te,^ f™?****™™ of the 

conductor |«7S « ■ •.1 ,Up P ,led C ° thc flrs! »«ni- 

«*« *. ^or.atior^ s5ss ax 

the fourth converSn/ wav =guide light to enter 

those in^e c«" of th! r ™ 3 maJU,er to 

uic case ot the first opticaj disc 

foc^lSlf 1 » "PPonJfron, thehead base by a 

reference to F?G 14 ^ "° W ^ ^bed with 

linSr^otor 8 ^' 0pt, ' Cai disc »• bridge 2, fwt 
rf;,!? f 10 ^ 4. discnaination hole 7 LFn « J 
diode 9 tracking control circuit 1 ifcSL F "? 
circuit 13, linear mr.,„, . . ' IOCJ5Ln g contro 

troi circu t 17 JD K C ° nlr0, o C! ' cuit ls - *P'"d!e con- 

cuit 19. LD dn-r g ^uTlo LTf Pr0CeMin « ^ 
arc the same a* thl* u d System controller 22 

third e^^^racco dl?^^ 50 apPirataS » th = 
ence numeral 90 denote ^ 8 • \ k ' "^"'i 00 - Refer- 
is constructed 'by ™« Jfv hc3d whi <* 

SrS t notcs a ewuttn ' — i^el 6 : 

•y.te» contreMe? 2^ ' T/ C ° ntr °' fr0m thc 

voluee V- R>£ generates a predetermined 

ven^ c-'cu^t wWcTr^ Cra1 ^ dea ° te * a V/f «"> 
constant volta g rJ; n h ' he v f U « e V ' ^n, the 

high-frequency liiaJ 'f '7 , * 

donaJ to V, The V/r !l ffet i uer,c >' f whi =h is propor- 

high-fre^ue^y sig ^^r«h?f S ClrCUjt M , a 
input voltage v i? ln ^"=ncy f, when the 

-•g»I of ,h 8 e fr^enc" Vwh- r rv a 4 8h 

numeral 87 denotes an Sau/^ • ■ ,==V 2- Reference 



-n, 20 
now be described hcrS^IoX C COnS, ™ Ct,0n 

thTscTenth'en^ 10,0 ,be ° p,icaJ dbc "PP^tL of 
SS tha ^f^™™'* ,hc Sy " eni «"»'°»er 22 de- 
termines that the disc u, the loaded cartridge 2 is ihl 
second optical disc hv rh* a., »- a ""age i is the 

diode 9 WX..^t y delecaon s'gnal of the photo 

*S convens the fflput volu;I^X,„T V r nUI8 

so that rh,- c a u/ j ■ 8C 2 mto thc frequency fr. 

q^e^v Joiul of ^h^r 8 CirCUit " appl,es «he high-fr?: 
du"r 91 of^h 8 ? u u C rre * ucac y r * th= SAW trans- 
ducer 91 of the eighth optical head 90. Therefore ;„7if 
«ghth Optical head 90, the la5cr ^ 

Sr^£^» ^ C ° UP,er " ^ ~" 

* fX^T. - " rCt0r 55 of ^ e «ghtb opticaJ head 90 detects 

the constant voiuge genei&g'SL;,,^ t0 
erate the voltage V, The V/r rot • " ° g=n " 
converts the input v 0 taVe vYSto XT" 8 86 
that the SAW driving ^ 87 ' . ^"^ f| ' 50 
quency vo.tage of Ae'f^. cy'f to ^f^^ 
duccrJl of the eighth optical head 90 Thl. r 

s^ss^ns- ■ sees ,t 

without ^ ,t? 8 ^ S "'"P 1 " 9« and is converged 

thickness d^ e oth "T 8 *. c d,SC Substrat = °<" the 
manner si^ I Ke'catTf ^ * 3 
second optical disc the for =S°wg 

.ddltTol^ ^ 
the number of semiconductor s wh^^" 1 ' 
sary in the eighth optical head S 11°^ 

of rh! e , Ia ^ r b<Mt ' so that an emission newer 

seventh optical head 8fl in r„ aiat of the 

n»«u can LproT ded ^ em ^- 

beJw^'h ^ "^^S fourih beam splitter 93 
between the waveguide lens 64 and the SXWtL 



«« 0° <S diL L^paraTu, m ^ h ° Wine ' C ° ns '™"°n of 
*e diagram TcKc'"," ' hc , e ' ghth '^^nt. In 
^ond optical disc 2 th *L 1 den0,eS * e C ™ or 

7 discos £E7e?is V5r *r motor - 

13 the focusing control cic U u fs1h h 7 h ° t0dicrfc: 
control circuit- 17 th<- «„• ' thc Iu,ear ffl °tor 

LD driving circuit 22 P roc «S'"g circuit; 20 the 

constant voltage general '^"l 11 "?""^'; « the 
i»g circuit; and 8 87 the SAW do-' 1 . convert - 

component clc^nTJ^ 7" >bove 
disc apparatus in the ^venth^SU ? " ^P"'^ 
and their drtaiu,! ^ se/enui embodiment of FIG. 14 

cn« w»sjy d :^2"« ? e r t,ed her =- Ref - 

stantiaily the same Z - \Z FT* h " d which " su °- 

men- 

embodiment dc^ no I hL T'l* 1 he * d ™ the ei 8*»h 
fore, the optica^ in FIG sfa?* "T ^ 
eighth optical helTM Sfte^r^ ^■ toM,U, 
«pIw.tfon. Reference num^lVd S^TtS ° f 
error detecting circuit which re--£« a^fr ""dung 
s.gnai from the third photo de^o^V^ 8 'Tl 
optical head 90 and generates a ^ hc CIghth 

-etec'-g < h = «r-c«ng error 

•ted from the co ns ^, vo Ue- V ' ^ " 

supplied to the add" lo7 so^hat the'ad J C ' rCUit M W 
voltage V 0 fVn-V— . L , dder 3 enc -'ates a 

euit 86 The w?™ C ° he V/f «" v =ning cir- 

oo me v/r converting c rcuit 86 siw j • • 
circuit 87, trackine error ^7,-,; ■' • drsvm g 

adder 101 cotacrwt , trlcU?^ V* CU " 10 °' *" d 
is it i< th. ; . a trac «ng control circa t 102 That 

pier, rj^z ^yrK r ^r: lB ' r r u - 

acoustic wave has been formed TT? a . surface 

which enters the convert ™ "avegu.de light 
lated between solid^es anH 1 C ° Upi=r is osc "- 

with a micwSnVJ of ^ / ° k=n Im « a «ordan Ce 
acoustic w a ~ Such L ' * eqUtnC - V of < h * "rface 
deflection angTe fshown bvtl " " ,led a 
light from the convert 9) \ Therer ° r =- emission 

*»« .„,. .Tisas * **- 

«E5i2Tn72:„^ ""'if of ,b= 

cartridz- 2 ie rK- — thc loaded 

U1U 6 W * *S CflC Second OntirL-* rti«/- pk 

troller 22 contro.s the iS^i^^.^^ 

c»«« 100 has "^£: d l ^^L£^a 

the vo tares V- mri \/ j — JU A adds 

f-V,1 ^ S ri? X/^? V ^^d generate the v 0 |ia M Vn 
(- V 2 ) to the V/f convening circuit 86 Th- V/F^ 

d« . P p„„ Ui h „ ^„ deigned-;-, v „°„^ 
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Whcn'vn-V $iSn ? u f *• fr «f«"y » generated 

7j <U,d ,he "B"^ of a frequency f, (=f 2 ) is 

proportion to the input voltage V 0 . Therefore, the V/f 
converting circuit 86 supplies a high-frequency signal of 
?A w!? UCDCy f2 t0 lhe SAW driving circuit The 
-^rfrT 13 CU " CUit 87 applies 8 Wgh-frequency volt- 
age of the frequency fj to the SAW transducer 91 of the 
eighth optical head 90. In the eighth optical head 90 
consequently, the laser beam is emitted from the fourth 
converging graUng coupler 97 and is converged with- 
out an aberranon onto the information track on the 
S^ d «- At **™ time, in the eighth 

tl^lt rcfleCtCd U * ht from thc ^ is de- 

tected by the third photo detector 95. A tracking error 
signal * supplied to the tracking error detecting circuit 
100 A focusing error signal is supplied to the focusing 
control circuit 13. The information signal is supplied! 
the spindle control circuit 17 and the signal processing 
du-tf P-^I «™ detecting St SSS^ 

wuh a track delation amount of the converged spot on 
the •^formation track 200 and supplies to the adder 101 
The adder 101 sends the output voltage V 0 «V 2 + Vl i 
to the V/f convening circuit M as mentioned above. In 

l^tT" ° UtpUt VO,ta S c V * the output 

signal frequency f f of the V/f convening circuit M i is 
deviated from the frequency f 2 by a value conesoTnd 

aoovc lhenTh^ g CrTOr (aSSUmcS d A ^ mentioned 
S^W,^,^ of the driving voltage to the 

fhr v!^ sduc f r 91 chan 8«. the emitting position of 
chalt' ST*' f ° Unh ^-verging gratufg couple" 97 
changes and the posioon of the converged spot cm the 
optical disc 1 changes for the track. Therelbrl, by set! 
ting a converting equation between V 0 and f, of the V/f 
converting circuit 86 so as to allow the converged spot 

tV nr C T d,S f U° a PP roa <=° the track, the tricBng 
error ,s eliminated. The other operations are executed in 
a manner sumlar to those of the optical disc apparatus in 
the seventh embodiment. 

On the other hand, in the case of the first optical disc 
the system controller 22 controls the constant voltage 
generating circuit 85. thereby setting the output volttie 
V,- into V,. Thus, the V/f convening circuit W gener! 
VTwa?- ■ fre ^ ucnc y »'S"*« of ta= frequency f, to the 
SAW dnvmg circu.t 87 and the SAW driving circuit 87 

,h^ C lV U . e { f qUCaCy VOlU 8 e 0f the fluency f, to 
the SAW transducer 91 of the eighth optical head 90 
Consequently, in the eighth optical head 90. the laser 

Se?9o ? »T tted 0m ^ tWTd "^nring grating cou- 
pler 96 and is converged without an aberration on'o the 
information track 200 on the first optical disc. At the 
same time, the tracking error detecting circuit 100 
supphes the tracking error voltage V r£ -to the adder 101 
from the input signal T,. The input voltage of the V/f 
convening circuit 86 is set to V 0 = V 1 + VrE and the 
tracking error can be eliminated in a manner similar to 
the case of the second optical disc. 

FIG. 17 is a graph showing the principle of the track- 
lag control of the embodiment and shows the relations 
among the V 0 and f, and the deflection angle of the 
waveguide light in the eighth optical head 90. As shown 
in the graph, by varying the V 0 and f,by only an amount 
which ,s proportional to the tracking error signal from 
V,. accordingly, f, as a center in the case of the first 
optical disc or by only an amount which is proponiona! 
to the tracking error signal from V,, accordingly, f 2 as 
a center m the case of the second optical disc, the oscil- 



lights wjSchTn£,h Chanse : over ° rth = waveguide 

optica disc* iTnot bnurj^r^'^ " ght fr ° m th = 
on the optical path after ^ COn,ro ' 

In the eaibodiasent. although the SAW f-. j 
has been used as both „r ... • 7 transducer 
means and the o«£ ' he ° PUCaJ P a <" swi.ching 
ing control, the SAW £ deflec,m S =«ns for track- 

for the optic!! hcToX foZ"^ tbo provided 
instance it is nf,* 1 J 7 6 traclun S control. For 

■ the seventh optical head 80 i„™„ S 'T^" 06 " 1 or 
to «ecu« e the tracking conioT erabodun «< *nd 

w c claim: 

^ght cmhuns means 

thicta^TT T* T 3nS f0r d ^riminatiag the 

wherein the S«t-5 , ^ "nunat.on signal, 
duces or erST hi r h " d rcCOrds ' rc P r °- 
the optical mf0nDa,,on s, 'S-« onto/from 

P^'in^bSd" 5 ^ 0 ^" 2 l ° furthcr co- 

llected Opti^Thead, t ^h n,=anS I 0r a0vin * the 

for a period of ,ime X^^ 0 " - e ' ° PtiCa ' d ' SC 
b«n selected by h ^ I ^'"^ Wh,ch has 

ducing. or ,r^:Z^^^T din8 - 

* Cannd 8= Tor enclosing the optical disc; 



a discrimination hole which is formed oo the car- 
tridge and whose opening/closing state differs in 
corresponded* to the thickness of the disc sub- 
strate of the optica] disc; and 

dC «ta. dng f f ° r dc,cctin g opening/closing 

state or the discrimination hole and for generating 
a discrimination signal. 

4. An apparatus according to claim 2. wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc- 

a discrimination hole which is formed 'on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of tne disc sub- 
strate of the optical disc; and 

^l^r^ f ° r . detec,in 8 th = opening/closing 
state or the discrimination hole and for generating 
a discrimination signal. 
5. An apparatus according to claim 1. wherein numer- 
.caUpertures of at least two or more of said N objective 

:J?"t?' Ppar " , r US fording to claim 2, wherein numcr- 

surssr lcist tw ° ° r morc ° f Mid N 

7. An optical recording/reproducing apparatus for 
recording, reproducing or erasing an information s gi j 
by converging a light D M onto/from a recording layer 
through a transparent disc substrate, comprising 

haVing N ' N 8r«ter thai, or 

equal to 2, converging optical systems each com- 
prising: 

light c cut ting means. 

Objective lenses, whose aberrations have respectively 
b«n corrected for said N disc substrates having 
v l 1 "^ 6 ^- ««* for converging the light 
flu* which is emitted from the light emittmg means 
onto the optica] disc, and 

a plurality of photo detecting means each for delet- 
ing the reflected light from the optical disc- 

fb) optical head moving means which is arranged 
below the optical disc and moves the optical head 
in the rad.a! direction of the optica] disc- 

(c; disc discriminating means for discriminating the 
Ulickness of the disc substrate of the loaded optical 
disc and for generating a discrimination signal in 

. accordance with the result of the discrimination; 

(d) control means for allowing the light cmittine 
means, which belongs to the converging optica] 

* due to ,h * = ~™"~ Of thfaberrari^ 

^ ?k !• s . ubs,rate *«"»U«t in accordance 
with the discrimination signal, to emit light 

wherein the selected converging optic*! system re- 

^o/r rC?r0dUMS ° r CraSCS 0,6 information signal 
onto/rrom the optica] disc. 

8. An apparatus according to claim 7, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc- 
a discrimination hole which is formed on the car- 
tndge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 
detecting means for detecting the opening/closine 
• state of the discrimination hole and for gfnerS 
a discrimination signal. 6 
9 An apparatus according to claim 7, wherein numer- 
.ca^ouxes of at .east two or more of said N objective 
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r e co;dt n ff °r PliC l re - Ording/repr0ducin 8 apparatus for 
recordmg. reproducing or erasing an ^formation signal 

through a iranspareat disc substrate, comprising- 
(a) an optical head including: P g 

light emitting means 

r £ n h< : em " tU,g means "«« divide the 
equal to 2. light fluxes and deflect in different dir«- 



,?v J | J? ICnSCS ' Wh ° $C aberra «'ons have respec- 
tively been corrected for said N disc 

Javrng different thicknesses, for respective!*™" 

liahTnT T* N ' ight nUXCS ° nto «»«* optical di« 
'•Bht flux selecting means for selecting one of theN 
hght fl U x« divided by the | ight flux Liding mel£ 
and for allowmg said light flux to pass, and 

^^^2 d?r ting the ii8ht — 

(b) op tlcJ ll head moving means which is arranged 
below the optica, disc and moves the optical^ 
in the radial direction of the optical disc- 
thl^n 1 m u na i ing mC3nS for di^riminating the 
disc and for generating a discrimination signal in 
accordance with the result of the discrimiSdo!!! 

^Ihe 0 ^! n^ 5 !° T g " eratin S a «""rol signal to 
he hght flu* selecting means in accordance with 
the discrimination signal and for selecting the lieht 
fl« which passes through the objective J 
whjch the occurrence of the aberration due to the 
disc substrate is smallest 

Wh erLS f ? C °P dcaJ . h « d ' ^ords. reproduces or 
aES ,1 mf °, nDat,on si S"al onto/from the optical 
d«sc by the selected light flux 

dii 1 di^* P — tUS aCCOrdin 8 10 clai <* 10. wherein said 
disc discriminating means comprises- 

a cartridge for enclosing the optical disc; 

* JST n,,n !l li0n u h ° le WhiGh is fonncd on the car- 
Srr-™^ " ^"^osing sute differs in 

Strate of the optical disc; and 

d 'S"" W for d ='«»ng the opening/closing 
state of the d.scnmmation hole and for generating 
a discrimination signal. wg 

12. An apparatus according to claim 10 wherein 

by conver^ng a light flux onto/from a recording ]£ er 
through a transparent disc substrate, comprising? 
(a) an optical head including- 
an optical waveguide formed' on a substrate. 
N light emitting means each for emitting a waveguide 
■ ght uuo said optical waveguide. N being greater 
than or equal to 2. ^ 

N converging grating couplers, whose aberrations 
have respectively been corrected for said N disc 
substrates having different thicknesses, each for 
emitting the waveguide light supplied from said N 
hght emitting means to the outside of the optical 
w.v e g u ,de and for allowing the reflected light 
• from the opticaJ disc to enter, and 

Islhr 0 dC T !ing mCanS " Ch f0r d =^ting reflected 
hght and for generating an information signal- 



W optical head moving means which arTanged 
below the optical disc and moves the optical head 
in the radial direction of the opticaj disc; 

(c; selecting means for selecting the light emitting 
means to be allowed to emit the light from among 
the N emitting means; 

(d) disc discriminating means for discriminating the 
tilickness of the disc substrate of the loaded opticaj 
disc and for generating a discrimination signal ac- 
cording to the result of the discrimination; and 

(e) control means for generating a control signal in 
accordance with the discrimination signal, for pro- 
viding said control signal to said selecting means 
and for allowing the light emitting means for emit- 
ting the waveguide light into the converging grat- 
ing coupler in which the occurrence of the abcrra- 
oon due to the disc substrate is smallest, 

wherein the optical head records, reproduces or 
erases the information signal onto/from the optical 
disc by the light flu* from the selected light emit- 
tmg means. 

14 An apparatus according to claim 13. wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc- 
a d^nrnination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the opticaj disc; and 

6t ^nt T*? f ° r detectb S ,he opening/closing 
state or the discrimination hole and for generatine 
a discrimination signal. 
15. An apparatus according to claim 13, wherein 
numencal apertures of a, least two or more of the N 
converging grating couplers difTer. 

rJU'f" ^"^/"^ding/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converges a light flu* onto/from a recording layer 
through a transparent disc substrate, comprising- 
(a) an optical head including: 
an optical waveguide formed on a substrate 
light emitting means for emitting a waveguide lieht 

into said opticaj waveguide, 
tight flu* dividing means for dividing the waveguide 
light emitted from the light emitting means into N 

e^£ C toT 1VCSUidC ' iShtS ' N bei " g grCa,Cr than or 
■ said N converging grating couplers, whose aberra- 
tions have respectively been corrected for said N 
disc substrates having different thicknesses, each 
for emitting each or said N divided waveguide 
bghts to the outside of the opticaj waveguide and 
for allowing the reflected light from the opticaj 
disc to enter, and 
N photo detecting means for respectively detecting 
said reflected lights from the N converging gracing 
couplers and for generating information signals- 
W optical bead moving means which is arranged 
below the opticaj disc and moves the optical head 
in the radial direction of the optical disc- 

(c) output switching means for selecting and output- 
ting one of the output signals of said N photo de- 
tecting means;- 

(d) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating a discrimination signal in 
accordance with the result of the discrimination- 
and * 
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(e) control means f or generati a CQ 

Lh= output switching means in accordance wkrTth° 
d,scntn.„a,ion signal and f or sdeciin^ S«o 
detecting means into which the Wav f gu a/S° h ° 
S !™ ,hc conv erging gra(ing ^Lple 1 

a cartridge for enclosing the optica] disc- 

' SSr mm !l li0, I h °' C WWch is fora ^ on the car- 
tndge and whose opening/closing state d SerTfa 

S?5S enCe - ,0 i ;. e of the d,^ 

stratc of the opticaJ disc; and 

state of the discrimination hole and for generating 
a discrimination signal, generattng 

„„L 8 ' , PP ara,us ^cording to claim 16 wherein 

co?v apCnUrCS ° f 31 least °r more o7 the N 
converging gra , mg couplers difTe- 

re^rdtl° PtiCa ' J reCOrdij,g/r =P roducin g apparatus for 

optical waveguide formed on a substrate, 
light emitting means for emitting a wavesuide I.Vh, 

into said optica] waveguide ave 3u<oe light 

optical path switching means which is arranged on an 

opncaj path f Mid wavegu . de , |gh ™^ « » 

^propagating direction of the waveguide ligh"" 
N d.rect.ons in accordance with a confrol sigS N 
being greater than or equaj to 2 

toveZ*"* 8r , ting COUp,CrS ' whose aberrations 

Dhoto det, S ° m th= ° ptica ' disc to "ter, and 
photo detecting means for detecting the reHec-ed 
i.gh and generating an information signaT 

be^owfh ^° Ving m " ns which ^ ™ged 

below the optical disc and moves the ooticaJ \hJS 

,ht? d,sc "™ n » t »B ^«ns for discriminating the 
Sctdfor ^ diSC . SUb r te ° f 'oaded op S ti2j 
7«oM d „? 8 :" er " u, 8 th = discrimination signal in 
accordance w.th the result of the discrimination^ 
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(d) control means For generating a control signal to 
the optica] path switching means in accordance 
with the discrimination sigtiaj and Tor switching the 
propagating direction of the waveguide light from 
the light emitting means to the direction of the 
converging grating coupler in which the occur- 
rence of the aberration due to the disc substrate is 
smallest, 

wherein the optical head records, reproduces or 
erases the information signal onto/from the optical 
disc by the light flux emitted from the selected 
converging grating coupler. 

20. An apparatus according to claim 19, wherein said 
optical path switching means combines deflecting 
means for changing the propagating direction of the 
waveguide light by a deflection angle according to a 
input signal, 

and wherein said apparatus comprises: 
tracking error detecting means for detecting a track- 
ing error amount of a converged spot which has 
been converged onto the optical disc and for gener- 
ating a tracking error signal; and 
tracking control means for changing the input signal 
to the deflecting means in accordance with said 
tracking error signal and for eliminating the track- 
ing error of the converged spot. 

21. An apparatus according to claim 19, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signal. 

22. An apparatus according to claim 20, wherein said 
disc discrimination means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing slate differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a disc run in at ion signal. 

23. An apparatus according to claim 19, wherein 
numerical apertures of at least two or more of the N 
converging grating couplers differ. 

24. An apparatus according to claim 20, wherein 
numerical apertures of at least two or more of the N 
converging grating couplers differ. 

25. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from an optical disc 
having at least a transparent substrate and an 
information laver bv converging a light flux onto 
said information layer through said transparent 
substrate, comprising an optical means having 
one of (a) N (where N > 2) different numerical 
apertures, fb) N different focal distances and (c) 
N different working distances, for converging the 



light flux on said information laver. wherein said 



pptical disc correspond s to one nf N tvnes of 
optical discs prnvidpd with transparent sMhstratP. 
having diffrrpnr thin nesses and win » p t;^| 
converging mpanc converges said lipht flnr h» 
emplovina onP of f3 j a | aropr nnp nF N 
numerical apprM.r,., fh) a shorter nnp „ f ^ 
focal distant and f.) a shnrtpr nnp or „ H 
working distant, u,;, h KSnetct fn nne oF ^ 
optical d.scs havin. a thinnpr one of said 
substrates 

An optical recording/ reproducing 
apparatus for rprnrding. renrndnring or erasing 
an informati on signal onto/frnm any se | e ctpd nn P 
pf N tvpe.s (where N>9^ 0 f onti cxl discc h,„; w? 
transparent s.ih.tr,,^ of different th icknpsses 

each Of .S.lid NJ optin g discs having at l east a 

transparent snh.trst,, , n d an information InvPr h Y 
converging a light Any o n said information lavpr 
through said transp arPnt substrate said anna ram. 
comprising- 

at least on e light emitting means for 
emitting .said lioht flux; 

N converging mpnns h aving nnp nf f c) 
different numerical ap ertures fM d ifferent focal 
distances and- (c) differ ^ working distances and 
Performing ahprrat j on correction over a 
transparent sub.stratP 0 f a resp pcri ve one nf said 

N Optical discs, pach n f said N conv erging means 
operating to convene sa jd light flux on ,h. 
information laver of o ne of the n optical disb- 
and J 

at least nn p photo detecting means for 
detecting reflected lioht f rom said nnti^i h.c^ 

wherein nn p of said converging meant 
having fa) a larger one 0 r said numeric! 
apertures, (b) a shorter o ne of said f OC al distance. 
and fc) a shorter nne o f sa jd worki ng distant, 
is selected for use wit h one nf said N nntical 
discs having a thinnpr on e pf sa i d , rnnr rPn , 
substrates. 

An optical recording/reproducing 
apparatus according to H a jm 26 wherein each nf 
said N converging men ns i s a n objective lens 

^ An optical recordinp/reprodiicing 
apparatus according to ci 1im 2 6 wherein each of 
said N converging m eans is a grating lens 

22. An optical recording/reproducing 
svstem for recording re producing or e rasing an 
.information signal onto/f rom anv selected nnp nf 



tvpes rwhprg M "°) nf optical discs h a „in„ 
transparent substrate. of d.- ff erPnr ih.V^^ 

g3£h-oLimd N optical discs having at i» a „ 

transparent substr ate md an information hr 

f^f^iii ^ said inform^T^rq ^- 

through sa.d rransparerWh jtrate^jajd^ar^ 
comp rising- ^ — 

at least one light pmit tinp means for 
emitting s aid light fh.V 

. . .. t S i"°' e cnnvPrging me ™< *™ ^ l^rrinr 
sa!d light flux on said ;nfn rmat j nn lay e^ 

at l east one optical wave front 
transforming means, at le ast one of M , r 
gneog tical wave front transforming m.^j^ 
disposed ,n a » op^ii patn cnnnprtino „ ^ 
source said con vening means and one » f ^ i r| N 

OPtlCal discs; a nH — 

. at least one photo du cting mpans fo r 
detecting reflect ed light from said nn, ^ N 
Optical discs^ ~ 

.wherein N composite conv erging nn iirat 
systems having oneof f a ) different nnmpnV,, 
apertures, fh) different fo, a . distant , niiJn 
different working distant and earh inrUlMinr , 
said converging means an H one of saiff nt^ ^, 
wave front transformin g mean s resp erNw 0 | y 
perform aberration rorrection nver at nn m 
substrate ot a re^rtivp one of said N op ,;^, 
discs, and one of snM r omnnsite rnn u .r ff j n . 
optical systems h_avin g one of a .^^ ^r 
pd^iumencal ape rtures (h) a shorter on» nf 

focal distances and ( r) a shorter one of »;h ~ 

Mttklflg^liitances, is selected for msp with „ f 

Sa.d N optical discs hnvinn a thinner nn, of ^ M 
transpare nt substrates 

^ An optical recordino/r P prodnrino 
apparatus according ^7i~ m 29 whp ^, n 

converging mean, is an objective lens 

^ An Optical recording/reproducin g 

apparatus as in claim ?o wherein ^id ° 
converging means is a grating lens 

All optical recording/re producing 

apparatus for recording r~ p roducinp nr prac ; r 
an informahon signal nntn/f^. , ny , r|ra ^^ 
aLN_iypes_iwhere N>7^ nf r ,v,. ' 
transparent substrates of d ifferent thickn.T^T "^ 
each of said N o P tir a i h; scs - navino af q 
transparent substnte md an information i a „, r bv 
convemng a | ight n „x on ,„;,« ^^^J— * 



through said trans parent -ubstrate .aid * rnntui 
comprising- litLiioius 

- , _ fa) N (where N>?i npn ^i hearis nrh 

a light flux, fn) a cnnvP^in , means fnr 
converging the liohf flux emitted from .aid m^ , 
emitting means onto ?n information i,„ a , n nr 
Slsaid N op tical discj Ooaded inl^r^p T^r 
and QiQ at least one p hoto destine m ^ nr fnr 
detecling reflected liahr ~ J^^— p 

OPtlcai disr.; ~ 

. (b) optical head moving m eans ariam ^ ^ 

b^arranoedon one side of an disc [nadpH 

in said apparat... fo r mov i nl7 <a ; d N 0p rira| 
heads in a radial d;^ t j n n oF saiH ; „ a , ^. 
loaded m said app nnn , r nnd 

M . ^ control means for %e1erf.no — 

N optical hearty " ~ 

^ vr > vherein converging m Mnt ~f ri rhnf 
said N opnral heads ha ve one 0 f (a) rp -~^ ~ 
numencal a pertures, fb) resner-tiv. f^,,^^ 
and (c) respective w orki n g distances and p . r r„ rm 
aberration correct ion over tr an ^r„u v ,^ tnrr - 
flf respective ones of .aid m 0Dtica , dl , r , nna „ f 
said N optical heart. p m v i deri with nn, nF . lM 
gagyerging means l^in. » ng oF ^ a ^^^^ 
of said numerical apertures, (b) a .hnrr^ ^r 
said focal distances and ^ a shnrtftr nnp nF ^ 
working d.stanre j ^js selected for „.„ um-Mw ^^ 
Sai^j^oatical discs having a thinner on. of ^ 
transparent substrata an d said nne nf „ ;h m 
optical heads selected h„ n id contrn , mp , nc 
performs a reco rding, reproducing nr ~ n r ]n „ 

MSBilOJLflf said in formation signal on an » p.;^, 
disc loaded in said anp ar^pT 

21, An apparatus according m 
■32, further comprising disc discriminnrinn n . 1n . 
tor discriminating a rvp ^ Q f sai d o p „ ra | 

loaded in Said ap mram. an d for nnlp nmnn n 

discrimination signal according to a 
discrimination result and w herein .aid rnn ,r n] 
means selects one of .aid N ontira | hpgf , c 
prov.ded with one of said ron v er gj n g mpnnc „ nf 
generates a least aberrant d„ e to thft tra 
substrate of the, optical di.r ir, ade d in , a j f , 
apparatus 

3-1, An apparat us accordin g to Haim 
33, wherein said discrimin ating mean. rr>mp nV , 



Ifta . . a^aaddge for encl osing the ontir-ai ,w 

loaded in a.d apparah.c; 

.. . ,*"' d Car ' rid " p h * v ' "g a discrimination h»i- 

disc loaded in said appa^. 1nd 

detecting means for rip^ fin . rhr 

ppen/closed sta tS -S.haracteri.stir of ^ 
discrimination hn| a 

35 - An apparatus arr-n r dinp to riaim 32 
further com pr j singjzai fard-rnovinp m7^ 7" 
. operative when the gptical {^HTT^T^. 
said control mMnf rrr mn- i^^_nm_MjFThr"" 
omicaL heads not sele ^ed bv said rnn^m^ 
lg-^jlldeoLthe selea^^ 
lecgrdi n^, rep roduc ing or erasing np ^.v^ 
said infor mation signal ~ 

f 7^ A " apparatus according m H, im 
32, further compris e i IHn emi^inn 
circmt for contr olling intensity nf M „ hr n 
£mitted_by_sai d light emitting mean.- a ~^7 " 

jhe hght flux converged on the ontiral Hie , 
tracking control circ uit for controlling a m ^-, 

disc; and an optical h M H m„ vemem rnnfrn f 
circuit for contro lling said ootirai mr .. ir _ 
IDfianSL at least one of ^ aid lighTe^^TT^ , 
circuit sa.d fo cu s_control cirr.,ir 
control circuit and said opticalTpaTmT^; 

oXlhe_N opt.cal hen r eelected bv^aTd^nTT^ i 
means. 

32* An apparatus according m ^hj m 
32, wherein the transp arent substrates n fc lH N 
optical discs have thicknesses whir-h ;n....^ r 
least one of about O.imm ™a . bout I 7mm 
s aid converging m ea ns have numeral 
. which include at least nn, » f abo „ r 0 as an H 
about Q.S 

^ An optical recording/renr^, rin ^ 
apparatus acrorrling_t g_claim 32. wherein „;„ " 
converging means is a n ohiertive 1^ 

^ An optical recording/renrow.^j,^ 
apparatus for recording rep r^., cmp nr 
an information signi Lanto/froTrT^v on^^ T 
tvpes (where N S27n7np ,;^i , n .j^— 
t ransparent substrates nr Hir r ere nt t h,> k - n ^ 
each of said N optical disr-c h avinP a , ,„ 



transparent sn hsmte and an information laver hv 
converg.na a li ght flu x on said infnrmarinn i^ ' 
throuah said transparent substrate , rr -, nr „ 7 
comprising- 

(a) an opt ical head provided with nt 

f where N>7) nprirai «» S tems p*ch in,i„H; n . fj) 
light emitting mwnc f or emirtino said light fl,.r 
(li) a converging m e ans for r ony er ging the light 
flux emitted from said ligh t emitting mM n. ^ 
an information laver 0 f one nF <aid N Qnfira[ 

discs loaded in said a P par a, tus an d riii) p hn,n 
detecting m M nc for H«,, ecting ref1prtqd ljghf frnm 
said one of snirl N optical discs; 

(b) optical head movin g means, adap ts t n 
be arranged o n one side of an optical disc. loaded 
in said appara tus, f or moving said n Dt ical head in 
a direction of the optical disc loaded in 
apparatus to traverse a recording t rac k thereof - 
and ' 

(c) control means for causing- light 
emission of said light emitting me an s in onp of 
said N focus opt ical svstem s 

wherein said convergin g means of said m 
optical svstems have o ne of fal resoer-riwo 
numerical apertures fh y resnectivP f o ca | distances 
and fc) respecti ve worki ng distances a, nd perform 
aberration correction o y er transpare nt suhsrrares 
of respective ones of said N ontira i nna nf 

said N optical systems p rovided with on e of said 
converging means havin g on e of a | ar g er nnp 
of said numerical ap ert,,r e S , CM a shorter one „f 
said focal distances and f c) a shorter one of 5 , H 
working distances is sel e cted for msp with one of 

Said N Optical discs ha v ing a thinner one of sairl 

transparent substrates a, n d the onp of sam - f n r„s 
optical svstems having said light emitting me,^ 
caused to emit light hv s a jd control m^nc 
performs a recording reproducing or erasing 
operation of said infor m ation signal on an op tical 
disc load ed in said apparatus 

^ An appara tus according to claim 
39, further comprising d isc discrimi nating means 
for discriminating a tv pe of said optical disc 
loaded in said appara tus and for outputtino a 
discrimination signal according to a 
discrimination result a n d wherein said control 
means causes light emi ssion of the light emitting 
means of one of sain focus optical svstems havino 



the converPinj Lmgans jMt generates a l P ac, 
abe r ration due to the t nn^pirent suhstrat. , h „ 
loaded op tical h;^ 

u ^ An apparatus according ^ ,.i nim 
40. wherem said disrriminitipqjae^jajTy^ 
, „ A ^cartridge for encl osing the optical Hie 
Joaded in said app aratus; 

. - . Said cartridge ba vin* a discriminate Mf 

which has an op en/dojsg^s^^ 

which differs de pending on a ^ „ f nin - JMli _ a 
disc loaded m apparatus- ,nH 

detecting means for rWrf,- nP fhn 
open/closed stat» ^ 1ncter i sri > nF „ ;w 
discrimination hr>|» 

^ An apparatus according to H ?im 
■W, further compri sing i light emission ™n TM 

Circuit for rnnrrr,li; n » i nten ,sitv nf , he ,j ?hf fl||Y 
emitted by said light emitting means- a fry.,., ' 
control circuit for contro lling a focus position n r 
the light Mux converged on the np r,r,i di/^wlji 

tracking COntml cirrnit Fnr conrrn |,i no a , r ,„ H ~ 

pos it.on of the li-ht jluxa^n^^^ 
disc: at least one of sain v,„ ht emi „ inn rnnfw| 
circuit, said focus mn, ro i cirr „ it anH „ H 
tracking control cirrmt h e i n a sw j trhP H »,; th 
reipecUP the selected one of the N onri.a, 
h aving the focus op iirai e» stem hav ; no „ ;H , ; „ ht 
e mitting means caused t 0 emit | iohr hu „ H 
control means 

^ An apparatus according to ^ him 
^, wherein the tran sparent sMhsrra^c nf 7ljr1 rf 
optical discs have thickness es which inH,.^ 1t 
least one of about 0.3mm and a bout I 7mm an H 

said converging means hav. numenl ap P 

which include at least nn„ of ahnilt n d<; 
about O R " ; 

— An a pparatus according to claim 
■3V, wherein said rnn W r g j ng mpnn , an 
pbiective lens 

45. An optical recordino/reprodnrino 
apparatus for recording r„ p rodticirio nr prnc; 
an information signal ont o /from any of m „ t ^ 
(where N>9) of n pt|ri , d|scs hnvjno ln ^ 

substrates of different th.>i^ e sses pnrh nF c , ;/f ^ 
pptical discs having at least a transparent ~ 
substrate and a n infonnmin,, i,.,., r rni1 ^^ 

a_l lg , ht flll.X On Said infnrm^; on lavftr >h m.,.ggg 

t ransparent substrate said ap paratus mmp ri,;^ 



fa) an optical head Grin ding ri) a 
emitting means for emitting a light n,.v ffi) n 
Light flux dividing means arranged in a -.h;.,,;^ 

the light flux emitted fmm », d lighr pmitt ; n „ to 
means into N (whereN>^ i^j^ ^^^ 

gmverg.mg, means For rnnvergina said m i; rnr 
fluxes onto said mr» riTnrinn |avpr nFf , np „ f 

optical discs loaded in . aid apparatus ,nH 

least one photo d etecting me3n , fnr ^^f — 

load ed in said app aratus; ^ 

. Lb) OPt '" Cal llead moving . neans ada n,„H ^ 

be arranged on on„ ^ H e oF sliH np , ;f . o , ^ 

oaded in said apparatus for moving „;h » pfM , 
head relate m , h » » r>; ^, d|( . r , onHpr) .„ 

asgaratus to travel , ~^ rdjni , track fhprpnF . 

wherein said N r.nnv P r 0 in n m , 1n7 hr 
one of (rt rP^ri;.,- numerical an^ures fh> 
respect.ve. foral rii^^ and r ^ rPT Prfiwa 
working distant and perform aherraHo n 

Correction Over fr a » Tnrenr s „h t rr a r>.c of 

r espect.ve ones of said m o Dtical disrs nn „ 
said convening means havi ng one of ^ , hr „ r . 
mie_oi_sa.d numerical a pertures, rht a .hn^^ 
or said focal distan ces and (c) a shor^r ^ » r 
aid_SKQ£king distance, i. se | ec ted for „c ,„j Th 
one of sa.d N optic al discs having a rh;™-. anr 
pf said transparent .substrat es, and .aid nn,; n | 
h ead performs a remrHinp , reproducing or 
erasing operation of said inf nr TO tion S|>na , nn 

Said optical disc loaded in sa id' aonararnc 
. < , ^ An apparatus according to ^| n j m 
45, further comprising light fluv ^,; nn jL 2: ^ 
iQJLielecL.ng and passing o ne Q f thP n lighr ni ,.^ 

dtv.ded bv s aid light flux dividing m -V ^ 

acojrding to a control signal and control m , 1n . 
for outntittingjaid control si g nal to said ijoh rn^ 
selecting means to selert , ne liont n „ v Ko 
passed thro.,°h one of ,h P m ^ M .,, r:jjQC _ [3i: ^ 

^ An apparatus accordi ng to claim 
46, further compri sing disc disrri m ;n„;„„ mrnn _ 
fpr discriminating a tv P e nf said ont ,- ra , ^ 
Joaded in sa!d annarat,,* n nd [or n „ tp „„; 
discrimination signal according m a 
discrimination result and w herein said mn,„,| 
meanpdects one o f the light fluxes arr-o r d;., r m 
said discrimination signal T 0 be oa55SffH , hr ^g~~ 
pne of the converging mp gns that ofnp ra . a , n 



least aberration due to the transparent .„h„ nt - n( - 
£he optical disc loaded in < a id ap paran.c" " 

4JL An apparat us according to claim 
47, where.n said discrimi nating means rnmp ri.,,- 

a cartridge for enclosing rh» ODt ; ca [ 
loaded in said app aratus; ' 

. . i Said cartridge having a rfi^ r iminarinn hoi» 
which has an np„n/^ ed stafft rharart<>ri ^ iV 

which differs depending on a tvp e or «,.•„ ^ tiri , 
disc loaded in said app aratus; and 

detecting means for detecting the 
open/closed state characteristic nF 
discriminatinn hoU 

42* An apparat us accnrdino t p claim 
45, where.n the t nnspnrent substrates „f , liff N 

OPtlCal d.Scs have fh^- n - sses wh|rh ;„„,„„„ if 

l east one of about n 1.™ , nd aho „ t , ?mm 

Said Converging | nve n „ m< , ra , ap < , r>wr ^ 

Which inch.de at l»^ f r n£ of ahn||t n 4 - 

about O S 

52* An o ptical recording/reproducing 
apparatus according to H a im 45 whpr „; n ^ 
converging means j, ^ n on ; Prtivp , pnc 

^ An optical recording/r eproducing 
apparatus for recording, reproducing or n 
an information signal o nto/from am, one of N 
types (where N>71 nf T , ica i disr , havi - 
transparent substrates nf d ifferent thicl^c^, 
each of said N op tical h; scs havino ar , Mcr ^ 
transparent substrate and an information | ai „ r h „ 
Converging a light fl,,r nn n id informafi nn iTTT 
through sa.d trans p a rent sub strate said anp ,r, n ,, 
comprising- 

fa) an optical head including f h light 
emitting means for em;„; n g saifl | ioh , n „ v .. ^ 
convergmP means for con„ P rging said | iohf 
onto said information la Y er , N r wr , ere N > ^ 
optical wave front transfnr m ing menn , anH 
at least one photo detecting means fnr rt ^ rtinn 
reflected light from the nnn ca | disr . anri * 

(b) optical head moving means adanted ^ 
bejuranged on one side nf, n ODt ; rnl rii<r . 
in said apparatus, for m n v ina saiH n p t ; rn , ^ 
relative to the optical die | oad ed in 
apparatus to traverse a r e cording trnr-k thereof; 

wherein a plnm |j tv n f mnvPrgin , np >ira , 
systems comprising at l east one of ^ ir) 
converging means and fii) ,,; d N onfira , 
front transforming mea ns have one of ^ } 



ISS Bective n t ,m P rir a L aD ertures (to r^j -^ 

[QCal distance a „H ^ resnert ; vf , 

dist ances and perfo r m aberration rn^,^ 
lesgective trans p a rent substrates of ^hTT^ 
flscs, one or said converging o nt icnl < Y «"™ 
havi ng one of (a) a larg er one of <a,vt n.. n - rin| 

an^Lyhorter one of said w^kingiS^^" 

thinner nr.* nf«iH tnn -p lrem ,„ h , tra ^ J^f- 
sa id selected converging op tiral c y .,. m rj$£l£m _ 
a recording reproducer or erasing n[ v, ra , ; » n nr 
said information signal on said n P r,v a i ^^Jrvuksl 

in Said appnran.^ " =U 

— An apparat us according t p claim 
pi, wherein said opt i cal head further in^i lHr , 
holding means fo r holding said N n p ti^. ,., Tr 
^nUpisforn^n g means and for ^ P nn„-„- ^ n 
control signal placi n,aTselected one oF^ Tp 
optical wave front rr a ncf» rminp mpnnc in ^ 
optical path herw g en. said light emitting 
. and sa.d objective, len< ,nH contrn , mpane F „ p 
outputtmc said con trol signal to said hni^ 
IDfian&Jo Place said .....^ „ ne oF ^ N 
wave front trans& mingmeans in the n p ,; 
between said light emittin g mean . s and ^ 
converging mp-^ 

r ^ An apparatus according m 
further comprising disc disrrimin.t;n 2j 31 ^ 
£oj-^cnminatino a tw p „ nf nid on , ira , ^ 
loaded in said apparatus and for n„,p ., rtm , n 
discriminatio n signal according tn , 
disciL mination result, and w herein said ^ 
means selects on. nf , h . „„ nf fluxes arrnrHinfT ^ 
said discrimination signal to he p ^h h ]I2i ^ 
one of the converging ,w ical svsrffm<; „,„, 
generates a lea serration due tn th. 
Substrate of the optical riicr i oaded in 
apparatus 

5iL An apparatus according tn ^ n ; m 
53, wherein said discrimina t ing mean. ™,» r . v .:. 

a. cartridge for enclosing ti 1e pntical dic^ 
loaded in said ap P arat.i C; 

aaisLcjarjrigg^ving a d.srrimin.^Mj^ 

which has an ogen/closed state rh,^^ 
yllic h differs dep endin g a type of .aid np ,^ 
disc loaded i n said apparatus- nnj 



detecting means fnr detecting th P 
open/closed starp ^racteristfr nF 
discrimination hole 

55. An app aratus a ccording tn claim SI 
wherein the t ransparent suhsrraiP. pf said N 
optical disrs h.vp thinnesses wh;rh ;nH||Ho 
least one of abo ut 0 1mm anrl ahn,„ i nnr| 
said converamq npn^| SvstPm<; hav „ ,, jr|r 
numeral aperture „, ni ,. h inc[t , flp at , pact ^ 
about 0 45 and ahmu n g 

^ An optical recording/reproducing 
apparatus arrnrri;™ r » dajm 5 , whprp ; n ^ jfj 

converging mAan. j r an n hj Pr tivP Ip,^ 

— An optical recording/reproducing 
apparatus fnr r pmrri; n ?- reproducing or erasing 
an mformarmn *ion ?[ onto /f rnm anv pne nf N 
types fwherP N>1 } » f rrtica , hai/in 
transparent snhstratPc ~f different fhir^ g ^ a , 
each of said npt.Vol di scs having at | MC , a 
transparent substrate anH 1 n information i.wq, h - 
converging a light flux onT^ id inform*,;™ 
t hrough said trans parent s ubstrate said ap nn „ n 
comprising- 

fa) an nptir a.1 h Pn d including <h a 
waveguide formed nn a s ubstrate fii) N f „, h , r , 
N>21 light emitting m eans fnr riir^rm ? 
waveguide light inm sa i d waveguide, fiii) re- 
convening grating couplers fnr nW,;™ thr 
waveguide light receiv-Pd from said N \i 0 h> 
emitting means to n,,rciH e 0 f ,nid wavPO „ ; ^ nnf , 
.for receiv.ng reflected light f rom an np hra , ^ 
Joaded in said a P mn t us an d riv) n phnm 
detecting means fnr dp t ectina said reflected light 
through said conv erg ing grating rnnp lpr. »„a fy 
outputting the detectPd i; oh , as said inrnrmc , f; ^ 
.signal; 

(b) an opti cal head moving means , 
adapted to he arrnngpH n n one nf lhp npM ^ [ 
disc loaded in said ap para tus. fnr mnvino „ H 
optical head m a radial d irection nf the n p ,j^| 
disc loaded in said app aratus- and 

fcl control mp R , 1s for provi ding a rnntrnl 
Signal to select one nf sai d N light emirtmn . 
means to emit light , 

wherein sai d N convergjnp g ratino 
couplers have one nf (a) r espective nnmpr^i 
apertures, (b) respective fo ca | distant ™h ^ 
respective working dist ances and p errnr,^ 
aberration correction n Wf transparent s,,i^ rn ,^ 



of re ? pect,ve og e^ pf said N oprirnl ^jscs^neof 
sa d converam ^rating coun , Rr , h ^~T^f- 
60 a larger one of sairi n „ m „ r ;^, nr ~ Jllim -r| j) 
Shorter one of said focal d istant L~7 7^^ ~ 
Shorter one of said wojrkir^di^ 
for use w,fh nn e^fsajdNSticaj_di^^ 

light flux emitted from said ~\^>»a ^ S 
emitting means causes said ontirai ,„ 
perform a record ing, renrndnrino - rr . in _ 
Qeerjtion of .said informati on signal on~^T 
optical d.sc Inad^t in appflraf „ c 

„ e ^ An apparatus according ^ „ him 
57 further comprisin g di.se rli^ri m in 1 , in;; j3m 
pLdisxrimmaiing a tvne^f »;h ^m^J^I 
loaded in sa.d a ppnntus and for n..r r .,r>;^ n 
discriminati on signal according ^ 
d.scrimination result and », herp , n „; H „_ fri| 
means causes lighjemission of th, ligH^ iirtm- 

that generates a lejisjjubgxra^ 
kaMgarenl^.bstrate of rh» .p,.^ di , r | naH ^ ; 
said app aratus ^ 1 

u ^ An apparatus according tn 
58, wherein said discrimi mting means mm p n» v 
. . J ^^Cartridge for enrln.in. , h , onli( .,, ^ 
loaded in said ap nanh, s - ' ' 

wh . „. ^i^artfidge having a di^;,^,^^^ 
which has aiLopen/closed , faf „ character!^ 

disc loaded in said a pparatus- and 

detecting men ns f or deterring m „ 
open/closed st nte characteristic n f 
discrimination hnlp 

„ f ^ ■ An apparatus according m ^ him 
5/, further comprising a li^hr Pmi»;.n „„ n . rn , 
circuit for controlling in^ nsifv nf fh „ ,;„ hf 
emned_bj L said_light emitting mean s said .; oh , 
emission control cirr„ir b eing switr.h^i ,.. im 
respect to the selected nn„ n f the N rnnv » r „ ; 
grating coup le " " 

^ An apparat us according t p claim 
57, wherein the transparent su bstrate, nf <,;n m 
gfiiicaLdiscs have thin,,,^., . vhicn ; nrh ,^ , f • 
l east one of ahont n.3mm and a bout I ? mm »»a 
^Idcmweroina grat i np rn „ n , ers hnvp ntim „.^ 



An ontir.nl recording/reproducing 
apparatus fo r recording, re produci ng, or enuno 
an information cinn ^ onto /f rnm any nnp nf N 
types f where N>1) „f ODtica | ri;<rt . how;i ^ 
transparent sMhstra,,,. oF di f fprPnf rhicknews 
each of said N n p n> 3 i di s C s havinp at n 
transparent subs trate *nd an information 
converging a lichr n..„ » n said infnrmaf ; nn , ' - 

through said tran sparent substrate said a p r „, rir 
corn prising- 

(a) an opt ical head including fi) a 
waveguide former! on a substrate fii) 
emitting means for di recting waveguide light into 
sa.d waveauide. fiih liohr H ux hranching 
for branching the waveguide i; g | U received from 
said light emittin g means into N (where N>?) 
branch waveauide lights fiy) n cnnveroino " 
grating couplers for directing will N branch 
waveguide lights tn oi,tsi d e n f said wgi/ » m . Ha 
and also for receivin g reflected light from the 
Optical disc loaded in < a j d ap paratus and (v\ N 
photo detecting means f or deferring said reflect 
light through said N con v erging gratin g C o„ n lers 
and for outputtinp the detected lioht as said 
information sig nal; 

(b) an op tical head moving means , 
adapted to be arranged o n one sidp n f the nnfira , 
disc loaded in said ap paratus for moving snid 
optical head in a radial direction of the op tical 
disc loaded in said a pparatus- and 

(c) control means for p roviding a control 
signal to select and o u tput one of the outp ut 
signals of said N photo d etecting means , 

wherein sai d N converging g rating 
couplers have one of fa) r e spective riMm-ri^f 
apertures, (b) resp ective f oca | distanr-es ^ ^ 
respective working dista nces and p erform 
aberration correction o v er transparen t substrates 
of respective ones of said N onticn | riisrc n ,„ „ f 
said converging grating c ouplers having rm» of 
fa) a larger one of sai r j numerical apertures ( h) a 
Shorter one of said focal distances and fr-) ^ 
Shorter one of said woo ing distant, j s selected 
for use with one of said m o ptica | disr ., navino ^ 
. thinner one of said transp arent suhstrates ^ 
said optical head per f orm< ; n rPrr , rrlir , 0 
reproducing or erasing operation of sairi 
information signal on sain opticn | dkr . , naH<>H jn 
Said apparatus 



An appara tus according to rrlaim 
p2, further com prising disc discriminating mennc 
for discnrnmarino •> t vpe Q f sa , d np r;r ,, H;<f# . 

loaded in said appa ratus and for outrmtting a 
discrimination signal according to a 
discriminati on result and wherein said rnntrn | 
means selprts nn<> ~f ^ outn „ t sipnn|c oF ^ 

Photo detertmg m^n S f or deter-ting t | ie re nerf,»d 
light returnPri tr.ro„„h tne cnnvpromo „^f 
coupler that g e nerates i least aberration h.,, tn 
the transparent substrate o f the op tirai ,^ drr| 
in said apparatus 

^ An apparatus accordi ng to claim 
63, wherein said discriminating mPa ns comprise- 

a_cart_ridge for enclosin g the op tirai w;^ 
loaded m said a ppn rrinn; 

said cartridge having a , discrimination hole 

Which has an nppn/.l osed statft rh ^ rtf > r] ^ 
which differs depending on the tvp p nF caiH 
OPtlCal disc loar!^ in an p araflK . anH 

detecting means for detecting the 
open/closed <>a>.» n^racterisfir nF <g ; ri 
discrimination hole 

^ An apparat us according to claim 
6 "' w "erein the transp arent s „i^ frates or said N 
optical discs have t\V<r\c,^ ss ^ whirh inH „ H<> qf 
least one of about n im.v , and ano „ r , , mm ^ 
said converging grating couplers hav P n.,m- nl 
apertures which include at iea ,st one of ahn „ t n ^ 
and about 0 S " : ! — 

^ An optical recording/reproducing 
apparatus for re cording , reproduce or erasing 
an information signal o n to/from anv nn „ nF N 
types (where N>?) of opti ca | dlV<; havino 
transparent substrain of different thiri-n» f ^ 
each of said N op tiral di SCS having ar IP.., n 
transparent substrate and an information i,,,- h .. 
converging a light n.,r on „; d in f nrmn> ;nn 1^ 
through said transparent «..h s trate . said a , 
comprising- 1 

(a) an optira ,| head inrludinp fil a 
waveguide formed on a substrate f ih i;„i„ 
emitting means for direrting » n „- guide | iph , in[n 
said waveguide. fiih o ptirai path switph ; I10 m »„ w? 
arranged in an optical path of said wav ,. PO „ ;rlo 
light for swuching a prop agation direrrion of 
wavegu.de lioht according , n , . o ntro| , iona , ^ 
(wnere N ^ 2 > p ropagatio n directions (iw) m 
(where N>?) converging gratin g C0 „ D | ers 



♦ '> \ tu \ 



arranged in l JisJijttaiaE at ion direction, c,,,;,^^ 
PV said ontiral oath <w ;trh j ng mpan< Fn 7 - 
d.rect.ng waveguide ligh ts traveling in N 
propagation riir^.;^ ns to ot „^ flp „ r njf| 

wavegu.de and for receivi ng reflected liohrf^n 
the opt.cal disc | onn > d in J^ d aDParat ,,/^7 T 
photo d^ch- n jun ean7^ 

ilghUhrgugh said convergin g, grating cn.^ 

and for outfitting fh e rene^edii^7g 7~ 
information si gnal: and 

(b) an optical hend m 0 vi no m Pan c 
adaPieriJPJa arranged on one sid e of the np ,i„t 
disc loaded m said ap mrntus. for mnvin^ .,^ 
optical head in a rndialTti ra tion of the ^7~, 
disc loaded in said a ppnmf^T — 

wherein said N cnnver.inn "ntm- 
cmigleis have one, of respective nnmpn^ 
apertures (h) respective focal dicr n „^ 1m1 f r) 
. r«Pective wnririn. ^^tinrr^mj JiLU ^ 
aberration corre cti on ov er trans parent .ihc,^ 

afmpec tive ones of sa i d_NopJ^feZ^oIIf 
said N conve rg ing^ imji2 7^^ 

L a) a larger one of said nnnieri c^nerUn^fbLa 
shorter one of s aid focal distant .TT^^ 1 - 
shorter one, of said W nrHn 7 distanrp<; ; . 
for use vvith'one of ^aidM^^^^^ 
thinner one of s aidMrjujsizajjm^^ 
said optical head mrfnrm. a recording 
reproducing or erasing o peration nf«i,! 
inform ation signal on s aid nnrirai f .ic. <^ l2lLm 
said apparatus 

£L An apparatus according tn r | n ;, n 

^^ £££nLi! ^onsm 

least one of about 0 3mm and ai^.^^ mmnnd 
auLEgnvergmg Prating ™ MP | e rs have n„m, n | 

apertures whi clijn clude at least ^gXabc^To^ 
and about 0 R - ' - 

An appainlus accordin g t0 claim 
^-furt her comprisin g disc disrri,nin^.,„ 

for discnmmatmg a type of <nid np n^^ij^ 

loaded m said nppnnt us and for n,. lp ,.rr;„ P n 
discriminatio n signal according tn ? 
toiimkintion result nn,i ™ , Uro , mpnnc r „ r 
Ol.tputt.ilP said control ,» ni-l nx hnQMll, 

switching means in n^po nse to said — 
discrimination signal to switc h the p rnpn,^ 
direction of ihe wnvP.,.;^ | rQm the |ighf 
emitting means to n riireni pn nr nn „ ^ H 



QB^igaLdiscJoad ed in said ,^ ^7 

^ An appara tus according m H„j m 
68^h ere,n sa.d disrri minaij^ia^^-es: 
... a cartndM for enrlnsin ^jhe optical di^ ' 
loaded in sa.d anpamfc- 

which d.ffrrs rl g^gjidinl^hejyEe^f^ 
omicaLdisc loaded in sai cLapparatn7~^r ~ 

detecting means for riP.^ t j n . rhr 
Qpen/clo.sed state charxc.tr n«- ]£J lLlM 
discrimination hn[ a 

A , . ^ An apoaran.c ^^rlin g to claim 
M^herem said o ptical pathl^^^ T 
includes dener aino^ea^ri^ 
BEMBgatiOP direction ofjhe waveguide li.h,^, 
. deflection ^^ J^ngsco^ 

detecting a trac i ng error^nTi^T ^ 

M id racking error ^^ ^^^^11^1^ 

ajraclong error of co nverged snot . 
. - A " apparatus accordin g to claim 

a surface ^n.is iicwavglraTsd^ 

intersect with the opti cal DUhl7^Z^~ f r 

~+ An ooticnl recordinc/re pmw,,^ 
IDjoimation signal ont o/from anv nneTT^ T 

aufeaate.and an ■nformaii ffl ij a ^7^y^o 
r '° ht n " x nn - aiS Hnfoi^arion l avzuhl^^ 

a plurality of ODt ical hi» a Hc- 
. P'»ralitv of optical h^H 

dUSjoaded m said npniraiu^jnj^ia^i^fa 
or said opt.cal di.sc on a rp n ter t | 1PrPnF Fr> ; 

mpjflng-aid_pp t icai head ,-„ 3 w ; ^ rirn rrl „., , 

. , a cartrifl °< = ' for enclosing qnv nn „ nF H 
opt.cal discs nn_d having N n p P n iJlgl arra^eTH; a 



radial direction of a n optical disc fh • 

on the cen ter thereof 

22* An apparatus according , n ni a ,- m 
72 wherein said optinl discs have .nm r M n, 

Substrates of rf.Tf^t thiclcnpsspc 

__ 2£. An apparatus according to c | a ; m 
72, wherein the N opening* „r s aid cartririop aro 
mutually .nHpp^nH^iv onenpd anH ^..^ 

25, An apparatus accordin g to c | a ; m 
72 where.n said cartridge has a disrrimin,,;^ 
hole for prnvirfin, , n i ndication nf a tvne n f iHp 
optical disc loadpH i n said ap p argf „^ 

2^ An optical recording/reproducing 
apparatus for rprn,Hin B reproducing or pn,; l: 
an informafmn ,.^1 rnto/from an nnn^f dhr 
having ar Ipasr , ^ nT1rent si.hstratP anH nn 

information lavpr h y converging a light f1„* nn 

. said information hver through said ,rnn T 1rnn , 
substrate, said appa ratus comp rising- 

at least one light emitting means for 
emitting a light fii.v ; 

a converging means f or converging co; d 
light flux on said infor m ation lavpr of onp nf N 
(where N>?) optical disr. i oade ,d in said : 
apparatus and performin g aberration ™ r r a ^ ]nn 
over respective transi ent substrates nf „; d M 
optical discs having nif^ m thickne^- ^ 
at least one photo fl eeting means for 
detecting reflected light fr 0 m saift np M>a , Hl> 
loaded in said anparar,,. t hrough said rnnw,..pi nc 
means and for omnnttino tne deter ,„ ri rpn ^ M 
li ght as an electrical ci^i 

. ^herein the thickness of th e transparent 
Substrate Of the Optical Hie is discriminated h„ 

said electr ical signal 

22* An optical recording/reproducing 
apparatus according to H, im 76 whprP i n „-, A 
conyergmg means is nn» ~f an objective Iphc and 
a grating lens 

An optical recording/reproducing 
apparatus for recording reproducing or erasing 
an information signal nnt 0 /f rom an nnfira , ^ 

having at least a transp nrP , u SLlh strate and 3I , 
information laver hv m, wer p ino a i iohf n „ v rn 
said information lavPr rhm. , gh snid fra , 1<p aw „, 
substrate said appa ratus comp rising- 

at least onp light emitting means fnr 
emitting a light flu*- 




^in&le.obiective lens for ronveroing^aid 

Light HlIX On said mfnrmoH»n 

. ZUxhSK N>2) npriral frnnf 
transforming pleme nf? one of which ic ^ nn ^ d 
in an ont.r-al pa H, h- r ». Prn 7nir , , i ght emiffing 
means and ^id objective Uny^^ * 

. 8t leaSt ° ne "hot" defecting mean< Fnr 

direc ting reflected lig ht from ^^ ~7^ 
through said . objective lens and f oj L m j t B uttmg_t^ 
detected rented 1^^^^^-^^ 

wherein composite converging ontir8t , 
systems corresponding to comhinarinnc „ F fi) jd 

transform.no mn n^ perform aberration ^ rr -~ rin n 
over resp ecti ve, transparent ...h.tr^ ~f 

thickness of rh» t^,^^ ^.h^rate „ r ^ 
ODtlCal d.sc Icd^f j n anp araM , g ; c 

discriminat ed hy said electrical s j„ nri , 

— An optical reC0rdin.a/rPnrnH.^j nr 

an mformannn c;„ nn | nnro/from an nn,; n) dhr 
having at least a transparent n .bstrate and an 

information layer hv ing a , ioht n „ v „ n 

said information laver thmno h said tn.ncn^ 
substrate, <a.d a, Pnr atns com prise- 

at least one light emit ting means fo r 
emitting a light finv; 

£Lgratjng lenses for ,Wor. M j n g aberration 
fiMBCitpjLflygr respe ctive transparent „,hcr»>,, 
. of N (where N> 2) optical di<r< ha„;„„ djffrrrnj 
thicknesses tO Converge »; d | ight n „ Y nn „ H 
information la yer of one of sain np r^i ^, r . 
jpaded in said app aratus an/ j 

at least one photo detec ting means for 
d^m^-reflectecl light from sa id nn , ira i die. 
oaded in said ap paratus thmnoh ^ ~ nrin 
enses and for o..t pi ,ttina tne detected r *n.^ 
light as an electrical <i<, m \ i 

wl ierein the thickness of Hie tran^ ,^ 
substrate of the optical disc i oade d in said 
apparatus is discriminated h v said e | PP . ri>Q , 
signal. 

SSL An optical recordino/rer,r n d,^ in ^ 
apparatus for recordi ng reproducing or 
an information signal nnm/frn,, ,„ v one „ r N 
types (where. N> 2^ nfnmi^i di , r , hav ; no 
t ransparent substrate, nf dif ferent thirl-n^c^ 
each of said N optical elite* h aving at le.c n 



transparent suhstnue and an inform,,;^ ^. 

through said tran ^are nLsJ^sTrate said » r r *Z^ 
comprising- ^ - 

(a) an optical head inri Md j ng (i ) Uoh , 
emitting means for e mitting said light n„v fn) 
optical means for converging said light n.„ nntn 
yid-mjarmation layer and fiii) at least on„ p h „ m 
^^^^ 

the optical disc: and * 

. I P) optical head moving m^n, ndnn trdjl! 

be^arranged on one side of an optical rfi^T^j - 
10 said apparatus f or moving said np t.v.i h- 1ft 
relative to the optical i» aded in saiH 
apparatus to trave rse a recording ^ 

of ^ ,7 ^'" Mid op tirajjieans con,nri w ^ 
or fa) N differe nt numerical ap ert,,,-^ fh) N 
different fn^l distan ces and ( r) n diff^^ 
working distances and performs a hp rra tinn 

oXj a.d N optical d iS^n^ofAaJa!^^ 
said numerical apertures ( h) a S orter one of „, d 

focal d.stances and (c) a t hnr,, r o n - nfjnjA 

wgjjgng distances i< c„. ^ d for nnp nf ^ 
optica! discs ha ving a thinne r one of said 
transparent substrates and « q id npMra , mM „.. 
performs a rec ording, reproducing o r gn , in „ 
pperat.on of said inform ^ sipna | nn ca ;J * 

Optical disc loaded in c ^jd app aratus 

An apparatus according to ru, !rn 
80, further comprisin g disc riisrr ; m ; nat ; nw m 
for discriminating a type of „ id ontic ^ ^ 
loaded in said apparatus and For n..> r , trin . n 
discrimination signal according to a 
discrimination result and , contrn[ mpnnc fnr 
selgc tmg the conver ged light flux arrnrrfin^ 
said discrimination signal tl i a t generate , ,.^ r 
aberration due to the transp arent, snhstra,. 
optical disc loaded in snid apparatus " 

• S2* An apparatu s according to ^| lim 
SI, wherein said discm,,;,,,,;, ^ mea „, Pnmo ric , r 
. . , a cartridge for enclosing th» 00tica , rticr 
loaded in s aid app aratus- ■ — 

^-cartridge having a Hic-.-„, inatinn hn ,„ 
v^cJLMs_an open/closed „ a „ ^ 1J=mL ^ 

dlSC loaded m said apnnraf.c- ^ 



detecting means for Meeting the 
open/closed state char a,cteristi r n r said 
discrimination hole 

83. An apparatus a ccording to claim 80 , 
wherein the transpare nt substrata of said N 
optical discs have thinn esses which inrind* „> 
least one of about 0 lm m and ahnm 1,2mm and 
said converging optical systems have disc side 
numeral apertures whir- h include at least one nf 
about 0.4 5 and ahont n g 
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